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Contributing to a sustainable society through research oriented
towards “problem-solving” based on the concept of developing
manufacturing methods with reduced environmental impact

Since its establishment in 2013, RIKEN Center for Sustainable Resource Science (CSRS)
is a leader in creating a sustainable society through transdisciplinary integration of plant
science, chemical biology, catalytic chemistry, and biomass engineering.

Using the Sustainable Development Goals (SDGs) and the Paris Agreement on achieving
zero greenhouse gas emissions as guidelines, we are promoting five flagship projects;
“Innovative Plant Biotechnology”, “Metabolic Genome Engineering”, “Innovative Catalysts”,
“Leading-edge Polymers”, and “Advanced Research and Technology Platforms”. In addition,
a new project "Integrative Symbiological Solutions" started in FY2022.

We aim to establish the new research field of “sustainable resource science” that will
contribute to solving environmental problems and food-related issues. Our ultimate goal is to
create a future world in which people can continue to live healthy and prosperous lives by
carrying out “problem-solving” research and contributing to a sustainable society based on the
concept of developing manufacturing methods with reduced environmental impact.

Kazuki SAITO
Director, CSRS
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Following the interdisciplinary research project “Integrated Symbiology (iISYM)”
launched at RIKEN in 2017 and finished at the end of March 2021, a new flagship
project, “Integrative Symbiological Solutions,” starts at the CSRS in April 2022.

As microbiome (microbial flora) research has progressed,
we have acquired more insight into what types of
microorganisms exist. And we now know that some plants
nourish microorganisms around them with sugar and carbon
sources they have produced via photosynthesis and, in
return, make the microbes produce various types of
compounds such as antimicrobials to protect the plants’
bodies. But we still have many questions: What kind of
compounds are they? How do microorganisms communicate
with plants? How do they make flora? And

how do microbes coexist with plants

stably? We aim to delve deeper into

such topics that come out from a

large picture of the interactions

among microorganisms, pathogens,

and host plants.

Deputy Director, CSRS
(Project Leader)
Ken SHIRASU

It is well-known that more than 80% of land plants establish
symbiosis with mycorrhizal fungi. We aim to elucidate the
strategy how plants acquire nutrition through mycorrhizal
fungi and to apply the findings to practical uses. Moreover,
we work on revealing how the plant taxon referred to as the
“nitrogen-fixing clade”, including legumes, has acquired the
ability to establish symbiosis with nitrogen-fixing bacteria.
This is potentially the key to apply the

mechanism to the major grain crops

such as rice and to make agriculture

with less nitrogen fertilizer. We are

also interested in the evoltion of

symbiotic microorganisms leading to

organelles, which is likely to be a

challenging research topic.

Team Leader
(Vice Project Leader)
Makoto HAYASHI

l Perspectives

Director, CSRS
Kazuki SAITO

Symbiotic associations among microorganisms, between
plants and microorganisms, and between animals and
microorganisms are essential for those organisms to survive
in this environment. Our final goal is to pursue the holism
that captures these associations. But since when we started
to engage in omics research to understand higher-level
molecular information holistically, we have noticed that we
need to renew our research approaches in many aspects.
When enteric bacteria and microbial consortia in soil and
ocean perform their full function, environmental
factors around them become significant.
We aim to contribute to the global
environment by revealing the intricate
causal relationship between the
environmental factors and
microorganisms and actively working
on improving and assessing the
environment.
Team Leader
(Vice Project Leader)
Jun KIKUCHI

Microorganisms have been taking an important role in
enhancing human health since the discovery of penicillin. It
is significant to clarify genome information of countless
microbes in soil and convert the beneficial genes into
chemical resources. However, even if there exist many gene
clusters, they produce only limited types of metabolites, as
many as two to three. The production of metabolites is
driven by various factors such as the

interaction with microbes in soil and the

presence of specific metals in soil.

Therefore, understanding the

mechanism would lead to developing

new compounds and taking

advantage of them.

Unit Leader
Shunji TAKAHASHI

Integrative Symbiological Solutions will bridge the five
existing flagship projects and advance them to new
research areas beyond the framework of the current flagship
projects. The project’s final goal is to contribute to a
sustainable environment and production.
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From basic research to
application and innovation:
Five flagship projects,
using information science,
providing solutions

to global issues

In 2015, the United Nations General Assembly adopted a
set of 17 SDGs to be achieved by 2030. The power of
science and innovation is essential when addressing
these global issues. CSRS leverages its strength in
research and promote five flagship projects focusing on
seven goals. In addition to interdisciplinary research in
plant science, chemical biology, catalytic chemistry, and
biomass engineering, CSRS adopts latest technology in
data science, artificial intelligence (Al), and genome
analysis to produce innovative results.

SUSTAINABLE RN
DEVELOPMENT =mv"ALS

ZERO GOOD HEALTH AFFORDABLE AND 12 RESPONSIBLE 1 CLIMATE
HUNGER AND WELL-BEING CLEAN ENERGY CONSUMPTION ACTION

& —va Eé\

1 LIFE 1 LIFE
BELOW WATER ON LAND
AND PRODUCTION

FHRIIENI A
Innovative Plant Biotechnology
FENBREL NS AV REENDER
Contributing to sustainable production

of foods and biomass

FERMIEREET Y I=TUVY

Innovative Catalysts

RN AR DR E RIAREROFIER

Developing high-performance catalysts for
efficient utilization of natural resources

R#MIy/LTIIZTIVT
Metabolic Genome Engineering
m HEYOHEIDSDINA AEEEFADIEKX
Expanding production and use of bioproducts
from plants and microorganisms

FERAEIER ) v —

Leading-edge Polymers
G BRBEER OFMBARYY— N1 AR Y —DRIH

Developing new polymers and biopolymers
with beneficial functions

FIRBZIT TV NI A—L
Advanced Researchand Technology Platforms
HERAREDIHDME - K EEDBELFA

Building and using research and technology
platforms for development of new resources

IZNyF F—4 o V4N
L&y YMEF—4 IE5 /L
LY EYF—4 7 LRE

RTFR AT & AT/ L

Data
Molecule data
GenorRIe data

Genome
Epigenome
Genome editing

Synthetic genomics

Small Molecules
Compounds
Metabolites
Peptides
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Flagship
Projects

Divisions /

International
Collaborations

Innovative
Plant Biotechnology

Metabolic Genome
Engineering

G Innovative Catalysts
e Leading-edge Polymers

Advanced Research and
Technology Platforms

Drug Discovery Platforms
Cooperation Division

RIKEN-Max Planck Joint Research
Division for Systems Chemical Biology

RIKEN-KRIBB Joint Research Unit

Synthetic Genomics Research Group

Gene Discovery Research Group

Plant Immunity Research Group

Plant Genomic Network Research Team

Cell Function Research Team

Plant Symbiosis Research Team
Bioproductivity Informatics Research Team
Dormancy and Adaptation Research Unit
Environmental Response Research Unit

Cell Factory Research Team

Metabolomics Research Group

Metabolic Systems Research Team
Environmental Metabolic Analysis Research Team
Plant Lipid Research Team

Natural Product Biosynthesis Research Unit
Advanced Catalysis Research Group
Catalysis and Integrated Research Group
Advanced Organic Synthesis Research Team
Green Nanocatalysis Research Team
Biofunctional Catalyst Research Team
Bioplastic Research Team
Biomacromolecules Research Team
Advanced Catalysis Research Group
Chemical Genomics Research Group
Chemical Biology Research Group
Molecular Ligand Target Research Team
Molecular Bioregulation Research Team
Molecular Structure Characterization Unit
Biomolecular Characterization Unit
Chemical Resource Development Research Unit
Metabolic Systems Research Team
Metabolomics Research Group
Environmental Metabolic Analysis Research Team
Metabolome Informatics Research Team

Mass Spectrometry and Microscopy Unit

Drug Discovery Chemical Bank Unit
Drug Discovery Seed Compounds Exploratory Unit
Drug Discovery Chemistry Platform Unit

Bioprobe Research Group

Bioprobe Application Research Unit

Blue letter Project Leader

Minami MATSUI
Kazuo SHINOZAKI
Ken SHIRASU
Motoaki SEKI
Keiko SUGIMOTO
Makoto HAYASHI
Keiichi MOCHIDA
Mitsunori SEO
Ryoung SHIN
Akihiko KONDO
Kazuki SAITO
Masami HIRAI

Jun KIKUCHI

Yuki NAKAMURA
Shunji TAKAHASHI
Zhaomin HOU
Mikiko SODEOKA
Laurean ILIES
Yoichi YAMADA
Ryuhei NAKAMURA
Hideki ABE

Keiji NUMATA
Zhaomin HOU
Minoru YOSHIDA
Hiroyuki OSADA
Charles M. BOONE
Shinya HAGIHARA
Hiroyuki KOSHINO
Naoshi DOHMAE
Hiroyuki OSADA
Masami HIRAI
Kazuki SAITO

Jun KIKUCHI
Masanori ARITA
Masami HIRAI

Minoru YOSHIDA
Hiroyuki OSADA
Minoru YOSHIDA
Hiroo KOYAMA

Hiroyuki OSADA
Hiroyuki OSADA

Nobumoto WATANABE

Shunji TAKAHASHI

Blue letter Division Director
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Innovative Plant Biotechnology
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Dualchrome of Picnococcus provasolii perceives both orange and blue lights.
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Short root phenotype of bz1728 mutant and recovered
root elongation of its suppressor nobiro6 (taf12b).
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Contributing to sustainable food and biomass production

through development of plant trait improvement technologies

With global warming, climate change, and population increase,
sustainable food supply and procurement is now a global issue. CSRS
has been working on model plants to explore and elucidate the
functions of beneficial genes and promoting research for translating the
results in actual crops. Based on these research results, the Innovative
Plant Biotechnology project aims to develop plants with high qualitative
and quantitative value added with resistance to environmental stress
and diseases.

Research Results
@® We found that reprogramming regulators WINDs also regulate
vascular reformation and immune response after wounding.

@ We revealed that suppression of starch branching enzymes1 and 2 in
cassava leads to increase in the resistant starch content.

@ We discovered transcriptional cofactor that regulates root growth in
ER stress response.

@ We identified plant immune inhibitors and elucidated their function.

@® We identified and analyzed function of a novel photoreceptor
consisting with fusion of blue and red photoreceptors from marine
green algae.

In addition, the project will use omics analysis to explore peptides
and other regulators and employ chemical biology approaches to
elucidate main factors leading to improvement of productivity and
functionality of foods and biomass. To ensure transfer of the results in
the field to the actual farmland under varying conditions, the project will
also use information science to store and analyze data from multiple
angles for trait improvement.

Future Vision

@ Exploration of novel factors including transcription factors, small
functional molecules and peptides involved in environmental stress
responses and biomass production

@ Data collection of interaction between living organism and
environment by analyses of the above factors

@ Development of quantitative phenotyping technologies to analyze
plant’'s environmental stress response, biomass production and
growth

@ Promotion of research to create functionally improved plants by the
technologies such as genome editing and chemical biology

@ Contribution to sustainable food and biomass production to meet
global warming by selection of genetic variants and optimization of
environmental and cultivation conditions

The WIND1-SRDX plants are defective
in the formation of tracheary elements
under the in vitro condition.
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Metabolic Genome Engineering
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A novel C-glycosyltransferase produceing isomangiferin from
norathyriol in Hypericum perforatum
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Bio-butadiene production with an artificial reaction catalyzed by a high functional enzyme
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Maximizing capacities of plants and microorganisms for

chemical synthesis in expanding the production and use of bioproducts

Departure from our dependence on fossil resources requires creation
of bioproducts essential to our lives through innovative methods. Using
genomic analysis data that are increasing exponentially as well as
synthetic biology, genome engineering, and data science, the Metabolic
Genome Engineering project will artificially maximize capacities of plants
and microorganisms for chemical synthesis in developing and configuring
sustainable production systems.

The project will promote the synthesis of useful substances from plants
and microorganisms by taking on the challenge of developing smart

Research Results
@ We succeeded in producing bio-butadiene with constructing an
artificial metabolic pathway.

@® We have clarified the mechanism by which two enzymes catalyzing
the Diels-Alder reaction produce mirror image isomers.

@® We identified a novel C-glycosyltransferase that produces isomangiferin
from norathyriol in Hypericum perforatum (St. John's wort).

@® We found a new potentantimalarial compound
dihydrolucilactaenefrom a filamentous fungus treated with a
secondary metabolism controlling compound NPD938.

@ We constructed a Bacillus subtilis that efficiently produces 2,3-butanediol
from glycerol by metabolic design using a genome-scale model.

glo’0YTIMU—5"— Vice Project Leaders
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organisms through designing metabolic pathways from the interactions of
multiple cells, creating advanced forms of breeding of plants and
microorganisms that make up the production systems, and synthesizing
compounds that had been difficult to develop using existing chemical
synthesis. There are many potential targets, including raw materials for
the chemical industry, functional foods, drugs, and raw materials for
cosmetics. Development of the technology base and partnership with the
industry is expected to bring about further advances in this field.

Future Vision

@ Identification of plant genes and networks involved in biosynthesis of
useful specialized (secondary) metabolites, and applying them to
genome engineering and synthetic biology

@ Search for plant bio-resources utilizable for useful compound production

@ Development of high functional enzymes catalyzing target metabolic
reactions, and building cell factories for production of valuable chemicals

@ Construction of microbial biosynthetic platform by metabolic engineering
and producing useful compounds by utilization of genetic resources

@® Methodological advances for better bio-production based on
black-box optimization by machine-learning

Two stereoselective Diels-Alderases,
Fsa2 and Phm7
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Innovative Catalysts
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Asymmetric Dearomative [3 + 2] Spiro-Annulation of
2-Arylquinolines with Alkynes via
Scandium-Catalyzed C-H Activation
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Electrolysis of Water on
Cobalt Manganese Oxide Co:MnQO4
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Developing new catalysts for highly efficient use of natural resources

Transformation of our lifestyle to one without dependence on fossil
fuel is an important theme for bringing about a sustainable society.
Even though natural resources are finite, new beneficial resources
can be produced from natural resources through the actions of highly
functional catalysts. The Innovative Catalysts project will develop
advanced catalysts that enable efficient use of the atmosphere, water,
and earth crust resources of the global environment to contribute to
stable supply and recycling of environmental resources.

Some of the focal points will be development of new catalyst
technology for synthesizing ammonia from nitrogen and hydrogen

Research Results

@ We succeeded in synthesizing an active and stable catalyst for water
electrolysis by incorporating cobalt and manganese into a single material.

@® We designed a “roof” ligand that enables unique selectivity in the
reaction of simple and complex arenes.

@ We achieved for the first time the asymmetric dearomative
spiro-annulation of quinolines with alkynes via scandium-catalyzed C-H
activation.

@® We developed Ni-catalyzed diastereoconvergent (3+2) cycloaddition
of isomerizable C-CN nitrones with a-keto ester enolates.

@ We developed a highly active polymeric cobalt catalyst that enables
1,3,5-regioselective cyclotrimerization of aromatic alkynes.

FOYvIN—5—
Project Leader
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under mild conditions and development of catalysts for synthesis of
carboxylic acids using carbon dioxide, which is considered as the
major cause of global warming, as raw material. In addition, the project
will develop catalysts for producing hydrogen and other useful
products through water splitting, biofunctional catalysts that function in
water, and catalysts that are based on cheap, earth-abundant
elements and that take the advantage of the features of all available
metals for chemical synthesis. Through such innovation, the project
will change the notion that “Japan is a country poor in resources”.

Future Vision
@ Development of innovative catalysts for activation and utilization of
COz and N
@ Development of new catalytic reactions using O, as an oxidant

@ Development of new catalysts based on element features for
synthesis of fine chemicals

@ Exploration of water splitting systems powered by solar energy

@ Development of reusable and recyclable catalysts

“Roof” Ligand for Selective
Functionalization of Arenes
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Leading-edge Polymers
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Optical microscope images of

a self-healing polymer composed of
ethylene and two different
methoxyaryl-substituted propylenes
Left: Damaged by a razor blade
Right: Self-healed in one minute

Biosynthesis of various biopolymers including polypeptides, polyhydroxyalkanaote, and spider silk

(A) Chemoenzymatic polymerization of |-serine ethyl ester using papain as a catalyst

(B) Sustainable polyhydroxyalkanoate (PHA) production could be achieved using marine photosynthetic purple nonsulfur bacteria.
(C) We found the new proteins contributing to spider silk mechanical properties from the natural spider silks.
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Developing new polymers with beneficial functions

improving efliciency in the use of resources and creating new industries

Achieving the Sustainable Development Goal (SDG) of
“Responsible Consumption and Production” also means that we make
efforts towards achieving a sustainable society that strikes a balance
between the environment and economy. Through groundbreaking
synthesis techniques using molecular catalysis, the Leading-edge
Polymers project will develop, from plants, biomass, and fossil
resources, biopolymers having new functionalities, and lead efforts
towards their commercialization.

Polyethylene and other polyolefins make up about 70% of all

Research Results

@ We have achieved for the first time the terpolymerization of ethylene
and two different methoxyaryl-substituted propylenes by using a
scandium catalyst, leading to the formation of tough and fast
self-healing elastomers.

@® We succeeded in syntheses of copolymers containing B-substituted
acrylate monomers.

@® We found the relationship between the substituent and physical
properties for semi-aromatic polyesters containing resorcinol units.

® We found some low-molecular weight proteins contributing to the
spider silk’'s mechanical properties.

@ We synthesized polySer in an aqueous medium without protecting
the hydroxy group of the Ser monomer by the chemoenzymatic
polymerization using papain as a catalyst.

Syntheses of polyesters
containing of resorcinol
molecular skeleton structure
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polymers used in our world today. To further broaden its potential, the
project will develop functional polyolefin materials that have excellent
adhesive properties with other materials, develop acrylic resins used
in organic glass, create super engineering polymers with high-strength
and high-temperature heat resistance properties, and develop the
technology for creating high-toughness peptide polymer materials that
combine strength and flexibility. These efforts will, through
collaboration with the industry, promote efficiency in the use of
resources as well as bring innovation in the chemical industry.

Future Vision

@ Developments of new catalysts for the synthesis of copolymers from
polar and nonpolar olefinic monomers and creations of new
functional olefin polymers

@ Creations of new functional polymers from bio-based olefinic
monomers

@ Creations of super heat-resistant polymers from biomass chemicals

@ Synthesis of high toughness thermoformable polymers exceeding
spider silks

@ Creations of structural protein materials exceeding natural rubber
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CLEM & array tomography system and confocal microscope, CLEM
image and 3D image

20

MBEAEBEOSE. HEVWREDISHEN I TSI
MRERRICEEFEDERR TS Y NI+ —LDMHEL ALEYN
VYU DIRIBED BT 5N 5. ESICINS DB Z A 5T
ICEMNSEREROER - BELBEEI. BHEMIZY b
74— LSRRI R\ T R E 25 | U, EERE SR & DEHE
TROBOSRRZEEBSA/N—2 3V ZRIHL TV,

SEoEYay
® ER-MSCE DA FRBITEEREBEI T KDEWVEHEO/NDFICDWN
TOTZDH I FEHLVBERETADGH

@ CRISPR-CasOic &3/ v o7 I MARDRY U —=2 7 REAW T 2
AT/ 2O ARy ND—D BT 5y 87 A —LDHEL

@ TOFA—LT—IN—RDIEFENEFAUIFRORF OEFRL
CNCHERERRAT

O TEAVTANT AV RAZICLBEYAYIROI I ABITFEDBE

® SULEERMIRE . CLEME. 7L A NEY 71— BEREREREN
FHELVBFEBREORA LR

Target identification of novel antitumor compounds, indoluidin E and
glutipyran, using the proteomic platform

2 IEROD GOOD HEALTH 1 RESPONSIBLE 13 CLIMATE 14 LIFE
HUNGER AND WELL-BEING CCONSUMPTION ACTION BELOW WATER
AND PRODUCTION
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Advancing analytical technology and information platforms,

and leading innovation as a science and technology hub in Japan

RIKEN, with its state-of-the-art platform for molecular analysis, is
actively conducting joint research with other research institutes and
universities, with the Technology Platform Division at the core. The
Advanced Research and Technology Platforms project will use and
further refine RIKEN's analytical and information platforms and support
the efficient promotion of the flagship projects.

Specifically, such efforts will include development of analytical
technology for automatic identification of compounds; sophistication of
the integrated metabolome analytical platform, including plant hormones
that help us understand all intracellular metabolism, the imaging

Research Results

@ We discovered a microprotein-coding overlapping gene of Hippo-YAP/TAZ
signaling effector SCRIB by human proteogenomic analysis.

@ We improved correlative light and electron microscopy (CLEM) using
light microscopes and electron microscopes, and developed array
tomography for 3D image reconstruction.

@ Using a proteomic platform, we identified the targets of novel
antitumor compounds that affect cancer metabolisms.

@ We found a mechanism underlying efficient growth strategies of a
wild rice under heterogenous nitrogen conditions and how
phytohormones are involved in the mechanism.

@ We analyzed spectroscopically and computationally the
microwave-assisted photooxidation of sulfoxides.

technology platform using electron microscopy, and the phenotype
analytical platform; establishment of the platform for development of
bioactive substances that combines research covering an extensive field
from plants to microorganisms; and further expansion of the chemical
bank. To support these analytical technologies, the project will also use
and refine the cross-cutting information platform. The project will lead
RIKEN's efforts in forming a science and technology hub and bring about
the next-generation innovation while deepening collaboration with the
industry.

Future Vision

@ Advancement and application of the ER-MS?~based molecular
characterization method for in-situ identification and localization
analysis of diverse small molecules

@ Establishment of a platform for chemical genomics analysis using a
CRISPR-Cas9 knockout screening system in human cells

@ Enlargement of proteome database and its use for searching new
ORFs and their functions

@ Improvement of analytical methods for plant metabolomics based on
chemo-informatics and other techniques

@ Development and improvement of optical and electron microscopy
applications such as fluorescence microscopy, CLEM, array
tomography and high-pressure freezing technique

Translational repression of a canonical gene
SCRIB by a newly discovered translatable
overlapping gene oSCRIB. Our study revealed
that the translation initiation of oSCRIB results in
the translational inhibition of the downstream gene
SCRIB, which will contribute to non-excessive
expression of SCRIB as a Hippo-YAP/TAZ
signaling effector gene in human cells.
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Drug Discovery Platforms Cooperation Division

Discovery of seed/lead compounds by
HTS and medicinal chemistry for
development of new drugs

The increased availability of genomic sequence information has
already allowed the identification of numerous novel drug targets. The
next challenge lies in developing new technology and assays, to further
expand and exploit available genomic information obtained from basic
research, and begin translational programs that will lead towards actual
application and patient treatment. Academic drug discovery has become
a world-wide movement at universities and research institutions, in
response to which the RIKEN launched the Drug Discovery and Medical
Technology Platforms (DMP). Capitalizing on RIKEN’s excellent track
record in basic science and technology, including a vast library of
bioactive natural products, state of the art equipment for high throughput
screening (HTS), and medicinal chemistry for hit-to-lead and lead
optimization, our division aims at making innovative contributions to the
academic drug discovery effort.

Future Vision

@ Construction of unique chemical libraries for HTS

@ Promoting HTS using iPS and stem cells, and phenotypic HTS in order
to find unique bioactive compounds

@ Establishment of the platform for middle-molecular drug discovery
including proteolysis-targeting chimeric molecules

Facilities for HTS
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RIKEN-Max Planck Joint Research Division

for Systems Chemical Biology
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Proceeded the systems chemical
biological study with
Max Planck Institute in Germany

Exchanges of researchers and their resources between Max
Planck Institutes (Groups of Prof. Herbert Waldmann and Prof. Peter
Seeberger) and RIKEN promoted more effective use of research
resources as well as information and technology in the field of
systems chemical biology. In addition to our unique chemical libraries
(NPDepo), both of the laboratories utilized different technologies to
solve chemical biological issues, such as methods for exploring
specific interactions between ligands and proteins of interest, and
derivatization by chemical synthesis for making new compounds with
better biological activities, opening the way for not only understanding
of various biological phenomena but also drug discovery. This project
was completed in March, 2022.

Achievement
@ Personnel exchange to grow international-level researchers
(18 researchers in total)

@ Exchange of original chemical library of both RIKEN and Max-Planck
Institute

@ Joint symposium (8 times) and joint articles of collaboration
(14 articles)

Max-Plank Institutes (MPI) RIKEN
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Collaboration between RIKEN and Max-Planck Institute
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Research Collaboration Agreements
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Max Planck Institute of Molecular Plant Physiology, Germany
Beihang University, China

International Center for Tropical Agriculture, Columbia

The Sainsbury Laboratory, UK

Umea Plant Science Center, Sweden

Agricultural Genetics Institute, Viet Nam

National Taiwan Normal University, Taiwan

University of Toronto, Canada

National Laboratory of Genomics for Biodiversity, Cinvestav, Mexico
Plant Resilience Institute, Michigan State University, USA

Zhejiang Hangzhou Future Science and Technology City Management Committee /
Zhejiang Ivy Institute of Technology, China

Biotechnology Center and College of Agriculture and Natural Resources,
National Chung Hsing University, Taiwan

VIB-UGent Center for Plant Systems Biology, Belgium

Institute of Genomics for Crop Abiotic Stress Tolerance, Texas Tech University, USA
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@ Dr‘
CSRS @
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Principal Joint Research Agreements

The University of British Columbia, Canada
Universiti Sains Malaysia, Malaysia

University of Minnesota, USA

Indonesian Rubber Research Institute, Indonesia

Max Plank Institute for Plant Breeding Research, Germany

(O I O I 0 J>)

KTH Royal Institute of Technology, Sweden

FH

3R E
BEBEBAY
MEAEASRRLRA A/ N~ 3 HRH

FRARE DLISHEBERBY A/ N—a izt 82—

BEEBRE NIV ATH— T 7 LW FIFE
BORMIL AR RREYZMIRR

FEXE YD FRIEME L 2 —F
FHERE MATA I AEEMAR > 2—
ARARTT - B fEAS

3 EDNAAZEFR

E:DE AT

FRRERTHF

LR

RRAZ
LHERFAFRESRAMAFH
tmEAE

RRIEKRF

REKRZE

TR
RREGRZEMAZIRAZ
FIRKE

RALKZE

MEKRE

KERAZ

BT RS
EREMKERMEL 22—
ERBRMEEZTE

RE RREREIMTREMERE
IKERRTL - BB HAE

EERF B

BRI A AL W ERAMTER /
&S /AT LRERTER RREYERFRT)
LEERZERFRE SRR
RRAFAZT
RFEMRIFMRER / BERMER
BERFAFIETEMAR
REBRFRFFIRAMFR
RRIFAFMEETF
MHRFRFIRAMFR
RREMAFAFR MR
RREMERAZAZREEAREMAER
RRPIUARFAFITIELAAZR
BEAFAFRIET AR
FRKFRFIREBRIER

ANIEE Domestic Collaborations

Research Collaboration Agreements

Keio University

Graduate School of Science, Technology and Innovation, Kobe University
Tsukuba-Plant Innovation Research Center, University of Tsukuba
Institute of Transformative Bio-Molecules, Nagoya University

Kihara Institute for Biological Research, Yokohama City University

Plant Molecular Science Center, Chiba University, etc.

Center for Bioscience Research and Education, Utsunomiya University
Forest Research and Management Organization

Kazusa DNA Research Institute

National Institute of Genetics

Principal Joint Research Agreements

Okayama University

The University of Tokyo

Graduate School of Bioagricultural Sciences, Nagoya University
Hokkaido University

Tokyo Institute of Technology

Kyoto University

Kyushu University

Nara Institute of Science and Technology

University of Tsukuba

Tohoku University

Kobe University

Osaka University

Japan Agency for Marine-Earth Science and Technology

Japan International Research Center for Agricultural Sciences
National Institute of Advanced Industrial Science and Technology
National Agriculture and Food Research Organization

Japan Fisheries Research and Education Agency

Cooperative Graduate Schools

Graduate School of Medical Life Science / Graduate School of Nanobioscience

(Kihara Institute for Biological Research), Yokohama City University

Graduate School of Bioagricultural Sciences, Nagoya University

Graduate School of Agricultural and Life Sciences / Graduate School of Science,

The University of Tokyo
Graduate School of Science and Engineering, Saitama University

Graduate School of Science, Kyoto University

School of Materials and Chemical Technology, Tokyo Institute of Technology

Graduate School of Science, Rikkyo University

Graduate School of Engineering, Tokyo Denki University
Medical Research Institute, Tokyo Medical and Dental University
Graduate School of Science, Tokyo Metropolitan University
Graduate School of Science and Technology, Gunma University

Faculty of Life and Environmental Science, University of Tsukuba
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CSRS Graduate Student Training Program (CSRS-GSTP)
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CSRS conducts collaborative research with 32 companies with the aim of practical application of our knowledge and technologies.

2020F 48 &0 CSRSICHEFET D2AEELETRE 20215 Etw= | FY2021 Discussion Session
BRI L)/ BE LAY (#) () 1—ILF L7=CSRSASBRAERE 70455 L% L. CSRSOD
BRILDMRIAY LY DAY K BRI E AR D) A A BARHEEE DT DFRAMTFAF T O EORIS NS S 2 RES T TWBELR Jun. (GSTP1) Discussion about CSRS seminar

o (GSTP2) Introduction CSRS-GSTP
B R EERE - BHRL LW ZEEZBIELE T, GSTPY) ©
o B _ Jul. (GSTP1) 7O—{k%
2021 Efﬁti\ﬂ%%%&—@%( HE)ET11 (28 (GSTP2) About CSRS
E)ERRIC A1 VRS EIERMBLE LT Aug. (GSTP1) /A AXTIFILDRIEIC & DEMABERDE E
(GSTP2) So you wanna be a researcher
The CSRS Graduate Student Training Program Sep. How to do presentation

(CSRS-GSTP) was launched in FY2020 for graduate
students enrolled in the CSRS. Under the supervision
of CSRS, this program aims to identify and foster

Nov. GSTP1 Students’ presentation
Dec. GSTP2 Students’ presentation

© Euglena Co., Ltd. talented young scientists capable of contributing to the Jan. Pursuing a Dream of Organic Chemistry Research in Japan
The Yokohama Rubber Co., Ltd. Euglena Co., Ltd. advancement of science for the future. Feb. The World of Lipids and Development
Zeon Corporation Technol | f le fuel i . . .
- P . . . . Technology development for renewable fuel production In FY2021, 9 online discussion sessions were held for Mar. Design of Biomolecular Functions using Artificial Molecules
Efficient production of isoprene, a synthetic rubber material, increase from microalgae 13 (first-term) and 11 (second-term) master students
by organism .
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Activities for Diversity

IR PR NEE RIKEN Internal Collaborations

Loy —TIE AREDBEAN ZEHBOBEATHE U R ORI EAE U B DE Y —ED LBy —F FMN= T HEEICEERDHATVETD, CSRS is working on promotion diversity. In FY2021, we asked researchers
DERMT B FZ 1T > COE T, Ko BIAMRE I 2R G E R 25 L AR RBRORIHICED A THET, 2021 EEIR FFREADET UV T ETN AB=RY ~ about the problems they faced and promoted the building up human networks.
CSRS carries out interdisciplinary field research with several centers in RIKEN as activity of the wisdom of individual researchers T— U DR EZBIEU XU BT\ =2 T #f C.SRS'impIemen.ted the. following ir?it.i?tives With the cooperation of the BIKEN
to be combined with the comprehensive power of an organization and expand into social wisdom. EZEDHBHOOHE,. TEEOBDEAZERLU.RIKEN Diversity Profmt'c.m Office. Our activities were introduced as good practices at
Also we use the leading-edge research facilities of RIKEN for creation of new research results. B4R A ()3 F Diversity Day T2y R 75071 AELTRBNENE LT, the RIKEN Diversity Day.
Leading-edge research facilities
F}ﬁfﬁﬁﬁﬁxgﬁ (CPR) EB&@oVice
Cluster for Pioneering Research ) \_9'__\_,} b% FEEOVICG’&iEFH Lf:
EHMEERA T 2— (AIP) THRARERY NT— I DIEE

Center for Advanced Intelligence Project

ERERZEME L Z—(IMS)

Center for Integrative Medical Sciences

LantREERIF M £ 52— (BDR)

Center for Biosystems Dynamics Research

Center for Brain Science ‘ research institutes to do roundtable talk. In addition, we used the lunch time
[~ . 5 SPring-8 L . .
BIRMMERIZRAE > 42— (CEMS) for communication and radio exercises.

I Building a network of

NMR N=Fv)Liz#5 oVice, &2 EM L B OGZEH DT, KF female researchers using oVice

PIHFREE TERESN TV EBIR PR DA ZE
UL ERLEEHmUE U, £ - BHRABEAEFALE  Using “oVice’, online virtual space, we invited RIKEN OG and other professors,

BRI £ 4— (CBS) SP@ 3“” , M S EROSUARIBEERLE U . associate professors and assistant professors who are active in universities and
Center for Emergent Matter Science 0% 0
HBFTEME L 5— (RAP) 0ol o 308 oy v 4L — P -
+ Centz; forjkdvaiced Photonics GI{S CBS ° I ?;%ffoi;’%‘é DRIERAEERHELL
Lﬂbuﬁ%&ﬂ;—ﬁﬁ%t/& (RNC) a . .
T X o REAERTOKE ORI RN SR BRI S% | peminars inviting female researchers
SHERIFME L 42— (R-CCS) AL } o } i g
Cer;t?;rforCon;utational Science \ |ESNHT| A CEM; MR EDRZZIbENZEEDICBAADEFEICIHUTE . ) ' ) - )
RN & (RSC) % O—LEFILEDEL VDA BT 210, K2EMSIE In re.s.ponseto the fjeswe to increase the ratio o.ffemale |nthe deC|s.|c.)n-mak|ng
SPring-8 Center B TIEICh D LS E R EE L LS+ — &ML E  Position, we invited female researchers in leadership positions from

INAA V) —AFAF 22— (BRC) supercomputer Fugaku L= universities and other organizations, and held seminars to visualize active
BioResource Research Center o

female researchers and provide opportunities to meet with role models
As of Mar. 2022 . T I
L according to individual characteristics.
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First success in bioproduction of butadiene

O

2021.04.13

HMAEMOIERSE (KB KB, Vv —T 7 — A5 —

Jar fermenter: Microorganism culture
(fermentation) equipment

Original article

Direct 1,3-butadiene biosynthesis in Escherichia coli
via a tailored ferulic acid decarboxylase mutant.

Nat. Commun. 12, 2195 (2021)

HARRSEEEFF — L / Cell Factory Research Team

AEF—LlE FERCEYDBEINREIZTAOVBAERK, ETAOVEISDT
FITVERBER ZHAEDLE. KBERICTYVIVARREBEBELE L. 7oL
BRIR KBRS (FDC) 2 WA T2 THUWI YV IV ARBREZRRE L. JYVIVEE
BEZZRID 1,000 EICE|IZ EF BT EICATHLE U co 2 LT ZOFDCHZE (FERWN
BZETIAAVRERODERRD THZYIVI—ADSBEEIIIVIVEEER LH
NA0MgE T B EICHINUE Ulc. S5IC BB AR T2 T ZDTFIITY
HEESEFS0FU LA LUV RRIE FRAUEGBERELSDOERICKECERIT S
CEAFTEE,

The research team now established a butadiene synthetic pathway in Escherichia coli by
combining the "muconic acid-producing pathway" harbored in aromatic compound-degrading
bacteria and "an enzyme producing butadiene from muconic acid". Then they developed a new
butadiene-producing enzyme by modifying ferulic acid decarboxylase (FDC), and successfully
increased the ability to produce butadiene by 10 times compared with that before the modification.
Further, using this FDC variant, 40 mg butadiene per liter of culture was synthesized for the first time
directly from glucose that is a constituent of biomass. In addition, the amount of produced butadiene
rose 50-fold by optimizing the conditions of the culture. These findings will contribute significantly to
the achievement of a sustainable society with an environmentally-sound material cycle.

EHS / From left

7% MAKER (AFZE8) / Yutaro MORI (Research Scientist)

FH BT (#FEE) / Shuhei NODA (Research Scientist)

B HE (EHRIFEE) / Tomokazu SHIRAI (Senior Scientist)
EfE BBE (F—LY—%"—)/ Akihiko KONDO (Team Leader)
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Molecular roof for selective synthesis

2022.02.11
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“Roof” Ligand for Selective Functionalization
of Arenes

Original article

Remote steric control for undirected meta-selective
C—H activation of arenes.

Science 375, 658-663 (2022)

EEB SR ESEIAZE F — L / Advanced Organic Synthesis Research Team

MEF—LIZ EBMEDCRMLFELTHISNS2,2-EEY YV E3RTHICHRR U1
BYICTEBR I ZBRDN IR F (L—T7RAF) ZRE U Irffth e H BB LTRWS
CET ESESEBEBERRICKRDRVRERIGH AT LBIRITETI B EE RV
LEUTco COIV—TBERLF /A VY U LBEIR BRENSROBNICRIER TH S/ F4L
ERRMICHSCIET 1 TR TOX YRR RIS ZEZER U R UTco RRIGIE 7ILFILAN
Y TZI T/ VBB EDEERRCKRDAIEIRN B REE(LICFIAT
BRI EMBERRD FOEREMOXIIBRNICITAX I AR EREMP
HEEME D FORERMD OMENLBEMFEZORAEICEIMT 2L HFTEERT,

The research team designed a bioinspired catalytic system that creates a molecular pocket to fit
the substrate only in a determined orientation, to achieve meta-selective functionalization of arenes.
The catalytic system uses a roof-like ligand: a molecular “roof’ was attached perpendicularly to
2,2’-bipyridine, a molecule well-known as a ligand for metal catalysts. They then found that the
complex of Ir with this ligand enables meta-selective borylation of various arenes, because this
roof-like ligand/Ir catalyst creates a molecular pocket that hinders the approach of the substrate in
a para orientation. This reaction can be used to meta-selectively functionalize arenes including
alkylbenzenes, anilines, and phenol derivatives, as well as complex drug molecules. These findings
are expected to contribute to the development of selective and efficient techniques to synthesize
medical and agricultural drugs and functional molecules.

NS / From left
ZIL7> ALY a2 (F—LY—%—)/ Laurean ILIES (Team Leader)
EF s (EfREFZEE) / Sobi ASAKO (Senior Scientist)
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2021.04.13 TIDTIDINA 7 EEEEIHITH B MR T

First success in bioproduction of butadiene @ Cell Factory RT
2021.04.20 SRR DMt ET2 Z f##EA BENT - IRERET U

Cell death process of outermost epidermal layer is elucidated Mass Spectrometry and Microscopy U
2021.05.19 HEYphH EICHERCEIR BT/ ZITRHAR G

Akey that has enabled plants to thrive on Earth Synthetic Genomics RG
2021.05.25 BYHTREREZVY 1 J)U9 2iRIE 7= /7EH REVRTLHRT

Pathway to recycle nutrient sulfur in plants is elucidated Metabolic Systems RT
2021.05.25 ILFOHEMG 2 BREOEFEREBIRERTHITS - INA A EEBENBERERZE T

Photosynthesis is established through two-staged chloroplast biogenesis in wheat w | = Bioproductivity Informatics RT
2021.06.03 A E ISR D SEEE I CAE SAREREARIREAZR T

First experimental evidence to support a new theory for catalytic activity Biofunctional Catalyst RT
2021.06.08 F /AT RIVERIBUIEYYS/ iR NAABDFHRT

Plant genome editing using a nanocapsule Biomacromolecules RT
2021.06.09 EMRREDBEEERD ZRFORE L YRR G

Determinants of host specificity in a plant pathogenic fungus are identified w Plant Immunity RG
2021.06.10  YPRFLARRNE (3+2) BILAMBERSORER 2 S A - BSTIR G

Development of diastereoconvergent (3 + 2) cycloadditions (@0) Catalysis and Integrated RG
2021.06.10 FHREESER T« DEVY — LD BTSSR o FRER U

Single-particle structure analysis of light-harvesting phycobilisome complex Biomolecular Characterization U
2021.06.15 [HE] BT [HBW] DFE? BEAIROZT AR G

Why are some Glycyrrhiza species not sweet? Metabolomics RG
2021.06.16 7TV BOERENT UTcSF LB DR ERHIEEZT U

Controlling leaf stomatal aperture via abscisic acid transport Dormancy and Adaptation RU
2021.06.16 =REOHERAT DHUVAREHZHR BT /STAMR G

A new photoreceptor detecting three types of light is identified Synthetic Genomics RG
2021.07.12 NI A DEICF R EZEA MY/ LFERWR T

Gene Expression Regulatory Mechanism Analyzed in Chinese Cabbage Plant Genomic Network RT
2021.07.21 YD EREA N RIS ZE VIR BiLHEd = fFER PERERAFEERZ G

Mechanism of plants to switch between growth and stress responses Gene Discovery RG
2021.07.28 ATTEARDYIEERINICHET DHEERS R, NAFEAFHRET

Discovery of new substance that dramatically improves the mechanical properties of artificial spider silk O Biomacromolecules RT
2021.07.29 KEAEDKESX/NINNRZZE R BIHHEH %= #E8H BEDT - RERET U

Mechanism of vernal water-starwort, an amphibious plant, to change its form is revealed Mass Spectrometry and Microscopy U
2021.08.06 KHY 2T LHR T / BISHIETZT U

Answer found to the long-standing question of size control of plant leaf organs

Y DEZED Y A XHIEHDRF D2 E

Metabolic Systems RT
Dormancy and Adaptation RU
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U AU —Z Press Releases

G:J)b—7 T-F—L U:1Zvh RG:Research Group RT: Research Team RU: Research Unit U: Unit

Date TLURAUU—2Z9A U / Titles of Press Release fifi5t= / Labs
2021.08.11 P RINSHAMS ICIIER MERN' 52 &2 HE B HEAIROZTRHE G
Ablood pressure-lowering effect of asparagus —’\'\/\ \/ Metabolomics RG
2021.08.19 KAV DFRRIEFIRIRBIBZEV TS RAMEGHTRR U
Producing individual enantiomeric cyclic skeletons of natural products Natural Product Biosynthesis RU
20210820  HEMOBEEBHDRAvF L BEIEERRER T / ISR G
Switch for regeneration and defense in plant A 4 Cell Function RT / Plant Immunity RG
2021.08.24 HEMDT VEZD LFEEDFERZHER BEDT - IRMERERT U
Causes of ammonium toxicity in plants are identified Mass Spectrometry and Microscopy U
20210003 IBMIOERAILE/ (T TR EEEEBH B LEWERR 2%, 181"/ LRI T
Discovery of a compound that enhances drought stress tolerance and biomass productivity of plants & Plant Genomic Network RT
2021.09.14 AVNOVERDEREI VINTBNSZB AR TEAWT/ZIRHAR G
Stress given by abnormal proteins derived from introns D FEET U
Chemical Genomics RG
Biomolecular Characterization U
2021.09.17 W AMMFIELFORRICHEEZSZ SHUWELTFZHE Bz L) FHET U
Discovery of a new gene affecting expression of cancer suppressor genes -’\’\f v Biomolecular Characterization U
20211008  HADIEE. &, IVRNYYYavIE R BEEYERR ey TFEAWNAFOI—G
Discovery of a compound that attenuates tumor growth, metastasis, and endotoxic shock _'\"/\' Chemical Biology RG
2021.10.21 RATTREXDT VTV T s TU—F /AERR T
Ensemble of Microwave and Light & (@) DFBERTU
Green Nanocatalysis RT
Molecular Structure Characterization U
20211023 UVHREUABMORRICUBHLEWERSE 0 e HEVIREEITAZE T
Discovery of compounds necessary for the growth of phosphorus-starved plants B4 _’\’\/' 9 = Plant Lipid RT
2021.11.05 Y DIRBEEE BT ARSI 2R EREE U EBEERFERR fHRatkAERZT T
Discovery of a transcription factor necessary for tissue repair and organ reconnection in plants grafting Cell Function RT
2021.11.11 RS ECEEMZR SRR R DBIFECRIT) Pr= STEERBERIIREAZE G
Successful development of a functional material that exhibits rapid self-healing (ee)] Advanced Catalysis RG
20211112 HSMEHETY TV EBEICERT 3+ vy H ) EORR S s/ LFIRHR T
Development of cassava plants that increase resistant starch content. _'\"/\’ Plant Genomic Network RT
2021.11.17 EFREEETST7 T NFTATOVANDIEEEZ/EA &an ) FET U
Elucidation of the light-harvesting mechanism of nitrogen-fixing Anabaena heterocysts Biomolecular Characterization U
2021.11.26  HEFIPDF oy N EBREON AR 2 “& B Emy ) LRI T
Development of a cassava transformation system for the Southeast Asian elite variety -w @ Plant Genomic Network RT
2021.12.08  SPAVRUZEROBERICLDHHUVFINAXNZZLDOHEES, TEANAFOI-TARG

Discovery of novel anti-cancer mechanism using mitochondrial enzyme inhibitors

Chemical Biology RG
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Date FLURAUU—2R9A U / Titles of Press Release fiffsR= / Labs
2021.12.09 BROMOHE CHAEMBRITDEMFE - 77— RN USRS T K S SOERREAIRTRR G
Control of complicated organic reactions using machine learning/data-driven catalyst design Advanced Catalysis RG
2021.12.15 TEY DRSS ZNE T 2 EEYERR 2, BT G
Discovery of compounds that suppress plant immune responses ((( TEAWNAFAOV—HRR G
- Plant Immunity RG / Chemical Biology RG
2022.01.06 Y CHIETIGHIIANEN AR B EF/IC T 2N TFR NAAERFHRAET
A synthetic peptide that induces a novel cellular uptake mechanism in plants Biomacromolecules RT
2022.02.03 R LY E RV B bR E T BB AMIR DEREHER 2R HEARERERRIRRSS T
Guideline for designing carbon dioxide reduction electrocatalysts using metal sulfides Biofunctional Catalyst RT
2022.02.04 Y DT TOBRDPIENERR B2 - IR U
Plant underground communication is discovered Mass Spectrometry and Microscopy U
20220207  EHEHE FCREUIT— 9 OEIRFEIC S DT EAEEEE S SOEEEERIRTZE G
Designing chiral catalysts via machine learning using computational screening data & Advanced Catalysis RG
20220209  BEGIRORSEF o NE HERERRSEIZR G / ADRTHERERRZE T
What determines the optimal length of roots? -w L 2 INA A SRR T
Gene Discovery RG / Cell Function RT
Bioproductivity Informatics RT
2022.02.09 H AN T TOM—Y R =188 9 B LEWERR TEANAAOV—ARG
Compound that enhances ferroptosis of cancer cells is identified NAZF7O—TIHHERR U
Chemical Biology RG
Bioprobe Application RU
20220211 JU—TEAIF CHIBRIRNESMICEY “ BEEERERIERTE T
Molecular roof for selective synthesis (@0 Advanced Organic Synthesis RT
2022.02.15 ERIMEERIE CEREN I DIFERRKEHEANE SR ERERTIRERZE T
A new, sustainable way to make hydrogen for fuel cells and fertilizers Biofunctional Catalyst RT
20220223  ATL—THENESE L NAABHFHRT
Nanocarrier spray: better crops without genetic modification -w Biomacromolecules RT
20220304  HAEHSREDIFHRSUTLEY e FEANAAOI—HR G
A new antimalarial compound is found in mold _4'\/\' Chemical Biology RG
2022.03.09 BB IROBHEAN=XLDHR THRRAEEEZ T
Discovery of a novel re-releasing mechanism defies the existing knowledge Cell Factory RT
2022.03.11 BEMMEA 2V SREDRRREEY TEAINAFOI—HRE G
Chemical to control pesticide-resistant rice blast fungus Chemical Biology RG
2022.03.18 e DB SEAD R E Z A B/ ZIARR G
Metabolites during plant mitosis are clarified Synthetic Genomics RG
2022.03.31 HEMEZEN THIDNRLER | EEGHDZEMMEE =T Lan D FEER U

Structure of oligomeric photosystem | is first revealed in a photosynthetic eukaryote

Biomolecular Characterization U
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2

E Awards

G:J)b—7 T-F—L U:1Zvh RG:Research Group RT: Research Team RU: Research Unit U: Unit

Date & / Awards 8% | Awardees 22 / Labs
2020.12.07 REWEYPEPFR/INAF=FRE fERlE —  4RURER CSRS
ASPB Pioneer Members Kazuo SHINOZAKI  Senior Advisor CSRS
2021.0213  J-mit FRIA Y SA VI UIRID ARBERKE WM KE BERRE BIEY—MEESYRFRREU
J-mit Special Online Symposium Award for Most Outstanding Hiroki KOBAYASHI Visiting Scientist Drug Discovery Seed Compounds
Presentation Exploratory U
2021.0213  J-mit $BIA 2 SA VI UIRID LBEHRKRE Pk £ HRE TEAIVY/ZTARRG
J-mit Special Online Symposium Award for Outstanding Presentation = Takashi ITO Research Scientist Chemical Genomics RG
2021.0331 BARBR(EFR2021FEARNYIRE SHER IIW—TFF1LT9— TEAIG S ZTRARG
Hot Topics Award at 2021 Annual Meeting of Japan Society for Minoru YOSHIDA  Group Director Chemical Genomics RG
Bioscience, Biotechnology, and Agrochemistry
ar E— BERRE
Shinichi NISHIMURA  Visiting Scientist
ML RA EEARE
Akihisa MATSUYAMA  Senior Research Scientist
Fy—)VX - T=Y F—LU—5— DFUAVREHIRZET
Charles BOONE Team Leader Molecular Ligand Target RT
JUKH BBF 8lF—LU—9—
Yoko YASHIRODA Deputy Team Leader
v—7F U WRE
Sheena LI Research Scientist
2021.04.14  MERIFARERE RIFRME  HHTEFI) HEE Fltvy—& CSRS
The Commendation for Science and Technology by the Minister of Ken SHIRASU  Deputy Director CSRS
Education, Culture, Sports, Science and Technology (Awards for
Science and Technology, Research Category)
2021.0429 SKEES ER#®T FI—TFFLII— TENINAAOI—HREG
Medal with Purple Ribbon Hiroyuki OSADA  Group Director Chemical Biology RG
2021.06.05 @HEFRE B £ F—LAU—5— NAABHFRAT
Award of The Society of Fiber Science and Technology, Japan Keiji NUMATA  Team Leader Biomacromolecules RT
20210608 EMBOPYVYIAhRE EABF F—LU—9— il e A
EMBO Associate Member Keiko SUGIMOTO  Team Leader Cell Function RT
2021.06.11 f#fFs BFEOEFERE YTVSY - FIv SRHES NAFEDFHRRT
Excellent Presentation Award in the Annual Meeting of the SFSTJ Jianming CHEN  Postdoctoral Researcher Biomacromolecules RT
2021.06.13  H44OBAEEE(LFZAE Most Impressive Presentator FEZ  LBES TERIGT/ZIRARG
Most Impressive Presentator of The 44th Annual Meeting of Japan Takashi ITO  Senior Scientsit Chemical Genomics RG
Society for Biomedical Gerontology
2021.06.25 2021014 VGO VEEYZ-RBRUY—FE Em®e PI—TFLTI— TEAWNAAOV—HRG
2021 Wayne G. Watson Award for Biologic or Experimental Research  Hiroyuki OSADA  Group Director Chemical Biology RG
N& s SERRE
Makoto KAWATANI  Senior Research Scientist
2021.09.17  REHFFR NZNSLEYT—YavE =ENE bUI—E CSRS
The Society of Chromosome Research The Best Presetation Award Kazuki SAITO Director CSRS
sS4 - 7Ivh RS BEXIROSI ARG
Rai AMIT  Research Scientist Metabolomics RG
2021.00.18  20214E (5350) BAMREFEAT ANE BB BT 1-wkU—9— REGHIRFU
The 2021 Annual Meeting of the Society for Actinomycetes Japan Shunji TAKAHASHI  Unit Leader Natural Product Biosynthesis RU
Omura Award
20211013 NAFA VT AN —LERIE NATEDFHRET

Bioindustry Research Awards

BHE EE F—LU—9—
Keiji NUMATA Team Leader

Biomacromolecules RT

Date & /Awards FEE | Awardees 252 / Labs
2021.11.16  Highly Cited Researchers 2021 FENE VIR CSRS
Highly Cited Researchers 2021 Kazuki SAITO Director CSRS
&l —if  4rRlRER
Kazuo SHINOZAKI Senior Advisor
BHEE EltvI—kK
Ken SHIRASU Deputy Director
B FEE F—LU—5— MY/ LFEIRZRT
Motoaki SEKI Team Leader Plant Genomic Network RT
WE e 1-whU—9— EIDHIEEZTU
Mitsunori SEO  Unit Leader Dormancy and Adaptation RU
SLh—YY I7Y - Fvr BEXEWHAE INA ZFEEFEIBREAZRT
Lam-Son Phan TRAN  Senior Visiting Scientist Bioproductivity Informatics RT
WE Y Z8XEHRE BENT-TRMEEETU
Hitoshi SAKAKIBARA  Senior Visiting Scientist Mass Spectrometry and Microscopy U
WIS EHeF BPIEINE
Mikiko KOJIMA  Expert Technician
I EE BEHRE BT /ST AARG
Takatoshi KIBA  Visiting Scientist Synthetic Genomics RG
&g 7 BEWRE HREREIRIAFG
Kazuko SHINOZAKI Visiting Scientist Gene Discovery RG
R =p  BEHRS
Yasunari FUJITA Visiting Scientist
I &z HEWRE HEXAIROZITRHARG
Takayuki TOHGE Visiting Scientist Metabolomics RG
2021.11.26  BEATOEREFERISPCEFE EF HE EREARE HERE B GRIERISET
JSPC Award for Excellence Sobi ASAKO  Senior Scientist Advanced Organic Synthesis RT
=E —t HRRE
Ikko TAKAHASHI  Postdoctoral Researcher
SOUTY cAUIV1 F—LU—F—
Laurean ILIES Team Leader
20211210  RAWKER (REWUKFE) E2 ST 1ZyhJ—9— NAZF 70— IRz
The People's Government of Jilin Province Changbai Mountain Nobumoto WATANABE  Unit Leader Bioprobe Application RU
Friendship Award
RE e JIW—FF1LT09— TEAINAAOI—HRG
Hiroyuki OSADA  Group Director Chemical Biology RG
20220314 HAFLIRE ®BR IW—TFLTI— FOERRERIRITRG
Japan Academy Prize Zhaomin HOU  Group Director Advanced Catalysis RG
2022.03.23 PCP Top Cited Regular Paper Award WE ) ZE8FEMRE BEHT BRI
PCP Top Cited Regular Paper Award Hitoshi SAKAKIBARA  Senior Visiting Scientist Mass Spectrometry and Microscopy U
M EEF TIZHILAIYTI
Yumiko TAKEBAYASHI  Technical Staff |
20220325 HERRAA—IPVIEHE TRl —t 45RURERS CSRS
Tochigi Prefecture Image Improvement Contribution Award Kazuo SHINOZAKI Senior Advisor CSRS
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T =7 — CSRS Seminars

2021.06.21 Field pathogenomics uncovers potential re-emergence Dr. Ayako Tsushima Diane Saunders group, John Innes Plant Immunity RG
of wheat stem rust Centre, UK

2021.07.27 REEDMDRATHR wWEEL EEERREEEHTR Ldn D FEERU
BEHNE7ZR VI REEERDOESEDRHFEL T
Z DR - FERAEDRERNEENDINA

2021.08.06  Nicotinamide Phosphoribosyltransferase Inhibitors Dr. Amit Subedi Princess Margaret Cancer Centre, Bioprobe Application RU
Selectively Induce Apoptosis of AML Stem Cells by University Health Network, Canada
Disrupting Lipid Homeostasis

2021.08.06 Metal-ligand Cooperative Small Molecule Activation by Prof. Paul G. HAYES Organometallic Chemistry University of Advanced Catalysis RG
Rhodium NNN-Pincer Complexes Lethbridge, Canada

2021.09.07  Characterization of cambium stem cells using nuclear Dr. Dongbo Shi Cell Function RT, RIKEN CSRS Cell Function RT
RNA-seq analysis identifies stem cell-specific signatures

2021.09.14  Isotopolog metabolomics in plant terpenoid research Dr. Michael Phillips Department of Biology University of Metabolic Systems RT /

Toronto, Canada Mass Spectrometry and
Microscopy U

2021.09.22  Engineering modular polyketide synthases using the Dr. Takeshi Miyazawa Department of Molecular Biosciences, Natural Product Biosynthesis RU
updated module definition University of Texas at Austin. USA

2021.10.11  Chemical Biology Luncheon Seminar Dr. Shinichi Nishimura Graduate School of Agricultural and Life Molecular Ligand Target RT /
Chemical biology of membrane-targeting natural Sciences, The University of Tokyo Catalysis and Integrated RG
products and cell-cell communication molecules

2021.10.19  Chemical Biology Luncheon Seminar Dr. Kosuke Dodo RIKEN CSRS
Alkyne-tag technologies using Raman spectroscopy and
metal complex: Application for chemical biology research

2021.10.27 Two tales of Diels-Alderases: How decalin skeletons are  Prof. Shingo Nagano Department of Chemistry and Natural Product Biosynthesis RU
stereo-selectively constructed Biotechnology, Graduate School of

Engineering, Tottori University

2021.11.01 Chemical Biology Luncheon Seminar Dr. Toshiyuki Wakimoto Faculty of Pharmaceutical Sciences, Molecular Ligand Target RT /
Insights into Phosphatase-activated Chemical Defense Hokkaido University Catalysis and Integrated RG
in a Marine Sponge Holobiont

2021.11.04  RAMESHICHIFBERNRUERIRRIG AIE A& Bt AUTAI=FRZOTGVEBILAR TEAWNAFOV—HRG

2021.11.09 Chemical Biology Luncheon Seminar Dr. Yushi Futamura RIKEN CSRS Molecular Ligand Target RT /
Phenotypic screenings, iIHOPE and MorphoBase, for Catalysis and Integrated RG
drug discovery

2021.11.16  Chemical Biology Luncheon Seminar Dr. Junko Ohkanda Academic Assembly, Institute of
Fusicoccin: A chemical modulator for 14-3-3 interactions Agriculture, Shinshu University

2021.11.17  BEEDTDERAHR 2 Fan) FEERU

7 U F Y AMBERRFECHT BN TREEDRE]

BBRDZNERIH LA SR Z TTREIC T B >~ H—DFEH

LC/MSZ R W e B4 U TRER DTSR

WO =58 54

NS B ek
VIR FREE S

ABRARFRABERELARITEL

EESRBATHEETRZRAR Seap Lo 7Rk

LRDFNAFT7—I Y —ER ARt

—n.

I-VFPAY
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G:7JV—7 U:1=wbk RG:Research Group RT: Research Team RU: Research Unit U: Unit

2021.11.19  pH-driven carbon reduction at the Origin of Life Dr. Victor Sojo Bioinformatics & Computational Biology, Biofunctional Catalyst RT
American Museum of Natural History,
USA
2021.11.22 Chemical Biology Luncheon Seminar Dr. Masaki Kita Graduate School of Bioagricultural Molecular Ligand Target RT /
Target identification and binding mode analysis of Sciences, Nagoya University Catalysis and Integrated RG
bioactive marine natural products
2021.11.30 Chemical Biology Luncheon Seminar Dr. Akihiro Ito School of Life Sciences, Tokyo University
Uncovering functions of novel lysine acyl modifications of Pharmacy and Life Sciences
2021.12.03 Chemical Biology Luncheon Seminar Dr. Hiroshi Hamamoto Teikyo University Institute of Medical
Identification and development of novel therapeutically Mycology
effective antimicrobials
2021.12.06  Chemical Biology Luncheon Seminar Dr. Tsuyoshi Hirota Institute of Transformative Bio-Molecules,
Regulation of the circadian clock protein Cryptochrome Nagoya University
by small molecule compounds
2021.12.10  Chemical Biology Luncheon Seminar Dr. Kenji Kai Graduate School of Life and Environ-
Parasitic strategies of Ralstonia solanacearum invading mental Sciences, Osaka Prefecture
fungi as well as plants University
2022.01.19 Condensate Formation by Glycolytic Enzymes To Alter Dr. Natsuko Miura Graduate School of Life and Environ- Biofunctional Catalyst RT
Carbon Metabolism under Hypoxia mental Sciences, Osaka Prefecture
University
2022.02.04 Iron-catalysis for and photocatalysis inspired by Prof. Rui Shang Graduate School of Science, The Advanced Organic Synthesis RT
development of organic electronic materials University of Tokyo
2022.02.16  Substrate specificity of tRNA-dependent amide Dr. Chitose Maruyama Faculty of Bioscience and Biotechnology,  Natural Product Biosynthesis
bond-forming enzyme Fukui Prefectural University RU
2022.02.22 Time-Resolved Spectroscopy for Understanding how Dr. Heinz Frei Lawrence Berkeley National Laboratory, Biofunctional Catalyst RT
Charges Drive Metal Oxide Catalysts for Water USA
Oxidation
2022.03.02 Plasma membrane damage-induced senescent cells Dr. Keiko Kono Membranology Unit, Okinawa Institute of = Molecular Ligand Target RT
promote wound healing via paracrine signaling Science and Technology Graduate
University
2022.03.08 HRYEEEDCHDEERRIHRDEFE REF Fhes B PHREEASIE T M TEAINAFOI—HARG
2022.03.09 Design of Biomolecular Functions using Artificial Prof. Shinsuke Sando Department of Chemistry & Biotechnolo-  Plant Immunity RG
Molecules gy. School of Engineering, The University
of Tokyo
2022.03.11 HEEDTTDERETHR 3 &) FEEAU

MRNAEZERF+579 UL -3 D DREINHAR
RESED

WEY =R UICRIERNAKEFRIZROBF

Ll ¥ FHERRE

Tk BT ek

FERRCSRS &ans) FRET 1 =wh

GRDFMIEAE NA 7 T 71 VSR
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“a1—RA&A XD News & Events

2021.04.15-16

2020FECSRSHRFER
FY2020 CSRS Annual Progress Report

2021.04.17

IEHT FJEHeX —fRZ B
RIKEN Wako Campus Open Day

2021.05.28
ERCSRSERY VRID L

“Hope for the Future”
RIKEN CSRS International Symposium
“Hope for the Future”

2021.06.04
FOMEA YV ITARTATRAIVIRI I

The 6th Catalyst Informatics Symposium

2021.10.09

IR AR —RR N6
RIKEN Yokohama Campus Open Day
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2021.10.12

B CSRS—TFEXIBY D FRIZEWREV T —
WEYRZEIa1 b= —

Joint Seminar on Plant Science between RIKEN CSRS and
Plant Molecular Science Center, Chiba Univ.

2021.10.22-12.03

VIB Plant Systems Biology Center-IEFCSRS
t=r—IU-X

VIB Plant Systems Biology Center - RIKEN CSRS Seminar Series

2021.10.26

FEEMIBH- VYIRS SV IEERR Y I —
VRTFLRATZAINAAOY— BRIV YRID A
The 8th Joint Symposium of RIKEN-Max Plank

Joint Research Center for Systems Chemical Biology

2021.11.17
CSRSODiRRE 12820
[Highly Cited Researchers 2021]ISEH

Twelve CSRS researchers have been selected for
Highly Cited Researchers 2021

2021.11.19
HEWRRHEE OIS LARE - BT —FifE

Joint Research Promotion Program started
and held a seminar

2021.11.29

2021FECSRSHEFHRER
FY2021 CSRS Interim
Progress Report

2021.11.30

EYRIEY VRIS 2021
—EYRENSTU—2 A/ R—23TN—
Plant Science Symposium 2021

2021.12.07
MYEMEARF2021
[PKDBXDEIC KD KREETDREREK]

KFEZRSE  EAEEEAIRTAR T — L -THRE
Wako-shi Community College 2021
Hideshi OOKA, Research Scientist, Biofunctional Catalyst RT

2021.12.19
EBHDAY HRELEZD!
[TLEDBH~WFEEWLST —TESDGs—]

FHBHRTF SmMY/SIRMRITIL—T LIFHRE
RIKEN DAY
Yuko MAKITA, Senior Scientist, Synthetic Genomics RG

2021.12.22
AVITARTATA-T—=IREHEETO TS L
BRRER

Programs for the promotion of informatics and data science
Progress Report

2022.01.27

BRS A N—IF 17—
RIKEN Diversity Day

2022.02.10

ZBABRIKEN-KRIBBT = AILNA A O =V ViRID L
The 4th RIKEN-KRIBB Chemical Biology Symposium

2022.03.01

Cell Press editorial talk
Cell Press editorial talk

2022.03.02

FHEAENAATA LY ARBHRREYI—
—IBFRCSRS VA VR I URID L

Yz [BDIDSRIEMZE[HBD I

Center for Bioscience Research and Education,
Utsunomiya Univ.-RKEN CSRS Joint Symposium

2022.03.11

B #EY A IV RANTT

EDOW\WTCTHED! - B ZzEE T EMDI17Z
BET3]

ey I i 2 e A Ak LT A =]

RIKEN Yokohama Science Cafe

Akira IWASE, Senior Scientist, Cell Function RT

2022.03.15
ERATOEFEY ViRID L

"Chemistry and Plant Biology”
ERATO International Symposium
"Chemistry and Plant Biology”

2022.03.17
ERATOBHANWARSRINTI S AT —
BRRBER

ERATO Numata Organellar Reaction Cluster Project Symposium
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CSRSYRTT#—R

CSRS Task force
SDGS‘:ED“\,\TCCS stﬂyﬁ}ﬂa} ‘\:_ The next generation of young researchers

(task force members) organized directly

-> o~ H

‘—hb\bo)SCIence under the center director linked the 17 SDGs and
oy —RETICRBSNRIEREEFEE(IRAT T A —R 169 targets with the research activities of the
AVIR=)D, SDGs17d—ILDTFICERESNIZ169DF—Ty CSRS and RIKEN, and discussed the future
hECSRS® SVRIADHIEB £ 1S L. CSRSHID S science fhat the CSRS should address.

NEINDESDTA TV RZREEULE U e,

| EYPEV; DIRITA—RAAVIN—
SDGs169 M%7 —4"y MKt g 2EREDTEFEL
e CSRS ICK2EBODIZIR & AT BEME R IES +tH=E
o CSRS OREAFRIASTE% & IR R0 LIRS e
\. A V. oo — » oo J—
§ EE B EHET & peal
) B =] SEHRE
BEFOMAMROME I RESE BES - BREET1= SRR S I —
St EDEDZY—T v DR
v
SDGs169D% —7"y hADYvE Y a = F T
IR ROEN - BRERHOIRR. 7R ORERR I EA] e i)
IRRBIE B EURIEWRAN BILRTFEE B EERF R F — I A BRI R 2R F — L
%
SDGslcEDWeInh\SDH A IV AD - N
AREDYY ST T REMBE T BT A — S vol,
v 14, [ZHWT. CSRS AAU—RF 2 SDGs D—IBE
LT T I7SRFvo a0\, B50 3 #7—Y
CSRS¥FEERISZRICHWNT B, ERAOSIRORDEAERLE L, Zh
PR SEBHEDEHRICERT ZTLERICOVTER
Pl- BEADHREERE. U% U7, CSRS hSMIEESE F—Ll—F— MRS HERREN. 2h?
T —DAIN—ADEEDOHE N T2030: NAANRTSRAF v I EZDFR) 2050 : £ HITENRT BFR M
CEULRRETVEL,
N\ Y,

J 22 — CSRSHAMDEEARECNHSOYAIVR —
NRIEEFROERE T OFRBEE DML ZFEICT 2 FIBIBEL KT

9

o (EEERICES - s
A=A —HI | jmp e . RS BEARENAL
Aoy BEETOEETS | T OERAREMERE | HLLWU— ki puc T

TOEADEE
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Laboratories

ARER—VBHIN WS TR IVIE,
SEL VDTSV VY IOV NBLOEBFIERLET,

The following icons on the laboratory page
represent flagship projects or divisions involved.

SIRENER/INA

Innovative Plant Biotechnology

Rgs'/ LIV ZPUVT

Metabolic Genome Engineering

FOERMIEEET VI UV T

Innovative Catalysts

FREREIERY~ —

Leading-edge Polymers

Tkt S Sy T 7 — I

Advanced Research and Technology Platforms

RIR ERRMTEEERE S

Drug Discovery Platforms Cooperation Division

BifR-< VI RS T i8S ZR e
RIKEN-Max Planck Joint Research Division
for Systems Chemical Biology
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Synthetic Genomics Research Group
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Elucidation of metabolic profile changes during a phase of mitosis using plant’s single cell metabolome analysis
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Contributing sustainable production of

useful biomass materials with

genome information and gene expression profile

Our group conducts on research for elucidation of central
genes that connect to biomass increase through the study on
the control of gene expression respond to light environment.
We also analyse useful plant genome including Para-rubber
tree and sorghum, a C4 photosynthesis crop. We will
contribute sustainable production of useful biomass materials
through these researches.

Research Subjects

@ Analysis of mechanism for plant’s response to light
environment

@ Research on plant biomass improvement through chemical
biology

@® Genome and expression studies and gene transformation of
Sorghum a C4 photosynthesis crop

@ Research on the improvement of plant biomass production
through analysis of gene expression profile and genome of
Para-rubber tree

TIW—TFF 4TI~ Group Director

WH B oEset
Minami MATSUI D.Sci.

Research Results
® We identified and analyzed function of a novel photoreceptor consisting
with fusion of blue and red photoreceptors from marine green algae.

@ We elucidated metabolic profile changes during a phase of mitosis using
plant’s single cell metabolome analysis.

@ We characterized mechanism of poly-cistronic gene expression through
the analysis of iso-seq data.

A marine picoplankton prasinophyte, Pycnococcus provasolii has fused photoreceptor of red
and blue lights.

FEHI / Publications

Part-time Worker Makita, Y. et al.

Rieko SATO Identification of a dual orange/far-red and blue light photoreceptor from an oceanic
Mieko KOMOCHI green. picoplankton.

Junko ENOKIDO Nature communications 12, 3593-3593 (2021)

Kyoko YOKOMIZO

Masaharu KAWAUCHI Okubo-Kurihara, E. et al.

Emi OSADA

Tracking metabolites at single cell resolution reveals metabolic dynamics during plant
mitosis.
Plant Physiology 189, 459-464 (2022)

Zhang, Y. et al.

Two types of bHLH transcription factor determine the competence of the pericycle for
lateral root initiation.

Nature plants 7, 633-643 (2021)
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Gene Discovery Research Group
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A. Crop phenotyping system, CRIPPS
B. Visualization of Arabidopsis water-status with NIR camera
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Group Director
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Wako Senior Research Scientist
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Discovering important and useful genes

involved in plant growth and
environmental stress responses

Our group is discovering plant genes of which functions
are linked to quantitative improvements in plant growth and
those with new functions for minimizing the effects of the
environmental stresses to achieve maximum productivity.
Based on the genomic analysis including transcriptomics and
metabolomics, we explore key genes involved in regulation
of abiotic stress response, photosynthesis and productions
of useful metabolites for the improvement of plant
productivity.

Research Subjects

@ Discovery of genes, signaling molecules, transporters and
metabolites involved in dehydration stress and ABA
responses

@ Improvement of drought stress tolerance and water use
efficiency of crops by international collaboration

@ Development of systematic phenotype analysis platform
RIPPS (phenome analysis) for functional analysis of
mutated genes

@® Comparative genomics and its application to crop
improvement

Kim et al. (2022) is a PNAS inaugural article of Kazuo
Shinozaki as an international member of National
Academy of Sciences USA. Followings are the interview
and the member-directory of Kazuo Shinozaki.

Interview Member-directory

IIW—TFF 4TI~ Group Director
Bls —i =yt
Kazuo SHINOZAKI D.Sci.

Research Results
@® We succeeded to visualize water status of plants with NIR camera of
RIPPS phenotyping.

@® We developed crop phenotyping system CRIPPS to observe soybean
growth continuously.

@® We discovered transcriptional cofactor that regulates root growth in ER
stress response.

Short root phenotype of bz1728 mutant and recovered root elongation of
its suppressor nobiro6 (taf12b)

FEHI / Publications

-~ Kim, J. et al.

Arabidopsis TBP-ASSOCIATED FACTOR 12 ortholog NOBIRO6 modulates the
unfolded protein response as a transcriptional cofactor.
Proc. Natl. Acad. Sci. USA 119, €2120219119 (2022)

Urano, K. et al.
CIN-like TCP13 is essential for plant growth regulation under dehydration stress.
Plant Mol. Biol. 108, 257-275 (2022)

Kuromori, T., Fujita, M., Takahashi, F., Yamaguchi-Shinozaki, K., Shinozaki, K.
Inter-tissue and inter-organ signaling in drought stress response and phenotyping of
drought tolerance.

Plant J. 109, 342-358 (2022)
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Plant Immunity Research Group
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Expression dynamics of intrusive cell markers during haustorium development
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Group Director
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Senior Research Scientist
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Research Scientist
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Understanding plant immunity mechanisms

and developing sustainable
disease resistant crops

Our group’s ultimate goal is to fully describe functions of
genes, proteins and small molecular compounds that are
essential for immunity in plants. As the first step, we focus on
the regulatory mechanism of immunity by studying dynamics
of resistance signaling complexes and protein modifications
that control defense responses. In addition, we plan to identify
novel genes involved in plant immunity by isolating defense
mutants in model plants. We also aim to isolate small
molecule compounds involved in disease resistance.

Research Subjects

@ To identify useful microbes from rhizosphere to promote
plant immunity and growth

@ To identify small molecules to regulate plant immunity and
characterize their targets

@ To isolate novel genes/metabolites for pathogen virulence

@ To identify novel mechanisms for plant immunity

Student Trainee

Erika [INO

Yuki TANAKA
Katsuma YONEHARA

Assistant
Yoko NAGAI
Kanako HORI

TIW—TFF 4TI~ Group Director

BH%E B rhD.
Ken SHIRASU Ph.D.

Research Results

@® We identified plant immune inhibitors and elucidated their function.

@ We found by comparative genomics that subtelomeric regions and a
repeat-rich chromosome harbor multicopy effector gene clusters in
Colletotrichum species.

@® We found that subtilases are required for haustorium development in
parasitic plants.

Colletotrichum infection of Fragaria x ananassa var. Sachinoka (Strawberry)

FEHI / Publications

Ishihama, N. et al.

Oxicam-type nonsteroidal anti-inflammatory drugs inhibit NPR1-mediated salicylic
acid pathway.

Nat. Commun. 12, 7303 (2021)

Gan, P. et al.

Subtelomeric regions and a repeat-rich chromosome harbor multicopy effector gene
clusters with variable conservation in multiple plant pathogenic Colletotrichum species.
Environ. Microbiol. 23, 6004-6018 (2021)

Ogawa, S. et al.

Subtilase activity in the intrusive cells mediates haustorium maturation in parasitic
plants.

Plant Physiol. 185, 1381-1394 (2021)
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Plant Genomic Network Research Team
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Starch granules (left) and content of resistant starch (right) in cassava tuberous roots
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Analyzing plant genomic networks for
environmental stress adaptation and

improved productivity

We are analyzing novel chemical, epigenetic, RNA and
peptide regulation mechanisms in environmental stress
adaptation and acclimation by integrated omics analyses.
We are also analyzing regulatory networks of tuberous root
formation by integrated omics analyses in cassava, an
important tropical crop for carbon utilization. We aim to
develop useful plant resources, such as increased stress
tolerance and improved plant productivity by use of chemical
compounds and transformation technology.

Research Subjects

@ Analysis of chemical, epigenetic, RNA and peptide
regulation mechanisms in environmental stress adaptation

@ Advancement of cassava molecular breeding by
cutting-edge technologies

® Development of useful plant resources, such as enhanced
stress tolerance and increased plant productivity by
chemical regulation and transformation technology

F—LU—5"— Team Leader

B [RBE mtaE®)

Motoaki SEKI Ph.D.

Research Results
@® We revealed that nicotinic acid pretreatment enhances drought tolerance
and biomass in plants.

@ We revealed that suppression of starch branching enzymes 1 and 2 in
cassava leads to increase in the resistant starch content.

@ We established an Agrobacterium-mediated transformation system of an
Asian elite cassava variety, Kasetsart 50 (KU50).

Nicotinic acid enhances drought tolerance and biomass in Arabidopsis.

Part-time Worker
Chieko TORII
Kayoko MIZUNASHI
Yoshie OKAMOTO
Megumi MIYAMOTO
Akiko SATO

ICAR2023
Part-time Worker

Miho MAKINO

Assistant
Nobuko KIMURA

FEHI / Publications

Utsumi, Y. et al.

Suppressed expression of starch branching enzyme 1 and 2 increases resistant
starch and amylose content and modifies amylopectin structure in cassava.
Plant Mol. Biol. 108, 413-427 (2022)

Utsumi, Y. et al.
Agrobacterium-mediated cassava transformation for the Asian-elite variety KU50.
Plant Mol. Biol. 109, 271-282 (2022)

Ahmad, Z. et al.

Overexpression of nicotinamidase 3 (NIC3) gene and the exogenous application of
nicotinic acid (NA) enhance drought tolerance and increase biomass in Arabidopsis.
Plant Mol. Biol. 107, 63-84 (2021)
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Cell Function Research Team
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The WIND1-SRDX plants are defective in the formation of tracheary
elements under the in vitro condition.
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Team Leader Postdoctoral Researcher Student Trainee
Keiko SUGIMOTO Duncan COLEMAN Alice LAMBOLEZ
Senior Research Special Postdoctoral WL, 211
Scientist Researcher Yu CHEN
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Research Scientist Technical Staff

David FAVERO Ayako KAWAMURA

Michitaro SHIBATA Arika TAKEBAYASHI
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Uncovering the regulatory network underlying

plant organ growth and regeneration

We investigate how plants integrate developmental and
environmental cues to maximise organ growth under the
changing environment. We also explore how plants establish
and maintain cellular differentiation status and how various
stress stimuli override the developmental commitments to
undergo cellular reprogramming. These strategies should
allow us to identify key modulators of organ growth and
reprogramming, thus providing molecular basis for crop
improvement.

Research Subjects

@ Molecular dissection of plant organ growth
@ Molecular dissection of cellular reprogramming in plants

@ Molecular manipulation of organ regeneration in crops

Part-time Worker
Mariko MOURI
Chika IKEDA
Noriko DOI
Akiko HANADA

Assistant
Takako FURUKAWA

F—LU—5"— Team Leader

AR BT phD.

Keiko SUGIMOTO Ph.D.

Research Results

@® We found that reprogramming regulators WINDs also regulate vascular
reformation and immune response after wounding.

@® We found that warm temperature promotes plant regeneration by
evicting histone variant H2A.Z from regeneration associated loci.

@® We demonstrated that 4PBA promotes plant regeneration as auxin by
being converted to PAA via an IBR3-independent pathway.

The hta9 hta11 double mutants display enhanced shoot regeneration.

FEHI / Publications

lwase, A. et al.

WIND transcription factors orchestrate wound-induced callus formation, vascular
reconnection and defense response in Arabidopsis.

New Phytol. 232, 734-752 (2021)

Lambolez, A. et al.
Warm temperature promotes shoot regeneration in Arabidopsis thaliana.
Plant Cell Physiol. 63, 618-634 (2022)

lwase, A. et al.

4-phenylbutyric acid promotes plant regeneration as an auxin by being converted to
phenylacetic acid via an IBR3-independent pathway.

Plant Biotech. 39, 51-58 (2022)
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Plant Symbiosis Research Team
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Cluster analysis of Lotus scRNA-seq during nodulation
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Team Leader
Makoto HAYASHI

Research Scientist
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Shoko YAMAZAKI
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Understanding plant-microbe symbiosis
in order to establish sustainable agriculture

Nitrogen is the most heavily used fertilizer in present
agriculture. Its production and use however damage the
ecosystem due to the emission of greenhouse gases. Soil
bacteria called rhizobia infect legume roots, and fix
atmospheric nitrogen in root nodules. Consequently, if
cereals such as rice, corn, and wheat could establish
symbiosis with rhizobia, we can dramatically reduce the use
of nitrogen fertilizer, which would result in ecosystem-friendly,
sustainable agriculture. In order to achieve our goals, we aim
to confer the ability to fix nitrogen on cereals, by elucidating
molecular functions of root nodule symbiosis, as well as by
investigating evolutionary aspects of the legume-rhizobia
symbiosis.

Research Subjects

@ Elucidation of molecular mechanisms in nodulation
@ Identification of molecular components in infection by rhizobia

@ Application of root nodule symbiosis to cereals

Chromatin dynamics identified by ATAC-seq

F—LY—5"—,Team Leader

MmO ety
Makoto HAYASHI Ph.D.

Research Results

® We identified effectors that control infection of rhizobia.
@ We established single cell RNA-seq using isolated nuclei.

@® We analyzed chromatin dynamics upon infection of rhizobia.

FEHI / Publications

Soyano, T., Liu, M., Kawaguchi, M., Hayashi, M.

Leguminous nodule symbiosis involves recruitment of factors contributing to lateral

root development.
Curr. Opin. Plant Biol. 59, 102000 (2021)

Ratu S. T. N. et al.

Rhizobia use a pathogenic-like effector to hijack leguminous nodulation signalling.

Sci. Rep. 11, 2034 (2021)
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Bioproductivity Informatics Research Team
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Green chloroplasts in wheat mesophyll cells. Scale bar: 25 um
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Exploring useful genes for

plant productivity and developing technology

to increase grass biomass

Our team aims to develop plants with improvements in the
quantitative and qualitative productivity of cellulosic biomass.
By using model grass, we carry out gene discovery to
improve biomass productivity and environment adaptability
in plants. Furthermore, we are promoting applied researches
for plants for biomass resources in collaboration with
universities and institutes.

Research Subjects

@ Elucidation of molecular mechanisms of higher productivity
in allopolyploid and its application to increase plant biomass
production

@ Identification of useful genes for improving biomass
productivity in grasses

@ Enhancement of biomass by modification of the metabolism
and cellular system in grasses and microalgae

F—LY—5"—,Team Leader

BH E— sty
Keiichi MOCHIDA Ph.D.

Research Results

@® We revealed two-staged chloroplast biogenesis underpinning
photosynthesis build-up in the wheat leaf.

@® We developped non-motile Euglena strains to improve the harvesting
efficiency by genome editing.

@® We analyzed transcriptome of a major mongolian grassland plant
speices.

Sedimentation of a non-motile Euglena cells (right) compared with the wild type (left)

FEHI / Publications

Loudya, N. et al.

Cellular and transcriptomic analyses reveal two-staged chloroplast biogenesis
underpinning photosynthesis build-up in the wheat leaf.

Genome Biol. 22, 151 (2021)

Bolortuya, B. et al.

Transcriptome analysis of chloris virgata, which shows the fastest germination and
growth in the major mongolian grassland plant.

Front. Plant Sci. 12, 684987 (2021)

Tamaki, S., Mochida K., Suzuki, K.

Diverse biosynthetic pathways and protective functions against environmental stress
of antioxidants in microalgae.

Plants 10, 1250 (2021)
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Dormancy and Adaptation Research Unit
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Detection of multiple plant hormones by a nanoLC-MS system
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Discovering genes and chemicals that improve
seed quality and plant adaptation responses

Our unit studies the mechanisms that regulate plant
adaptation responses such as seed dormancy, germination
and stress responses. We will reveal how biosynthesis and
transport of plant hormones such as abscisic acid,
gibberellin, jasmonates and auxin are regulated. We will
optimize plant adaptation responses by genetic and chemical
regulation of hormone transport and biosynthesis.

Research Subjects
@ |Identification and functional characterization of plant
hormone transporters

@ Identification of metabolites involved in plant growth and
stress responses

@ Identification of factors involved in seed dormancy,
germination and longevity

@ Development of a system to quantify plant metabolites from
a single cell

1=vbkY—5"—, Unit Leader

R K mtae®)

Mitsunori SEO D.Sci.

Research Results

@® We revealed that Arabidopsis ABA transporter NPF4.6 promotes
stomatal closure by mediating ABA import into guard cells.

@ We revealed that Arabidopsis NPF5.1 functions as an ABA transporter
and negatively regulate stomatal closure by mediating ABA import into
leaf vascular tissues and mesophyll cells.

@ We established a method for simultaneous quantification of multiple
plant hormones from small pieces of plant tissue using a nanoLC-MS
system.

Possible functions of NPF4.6 and NPF5.1 in regulating stomatal
aperture

FEHI / Publications

Shimizu, T., Kanno, Y., Suzuki, H., Watanabe, S, Seo, M.

Arabidopsis NPF4.6 and NPF5.1 control leaf stomatal aperture by regulating abscisic
acid transport.

Genes 12, 885 (2021)

Tabeta, H. et al.

An auxin signaling network translates low-sugar-state input into compensated cell
enlargement in the fugu5 cotyledone.

PLOS Gent. 17, €1009674 (2021)

Fabrissin, I., Sano, N., Seo, M., North, H. M.

Aging beautifully: can the benefits of seed priming be separated from a reduced
lifespan trade-off?.

J. Exp. Bot. 72, 2312-2333 (2021)
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Environmental Response Research Unit
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The enhanced growth and salt tolerance by a phenolic
compound application in Arabidopsis plants
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Plant nutrient use efficiency, seaweeds survival
mechanism, developing methods for removal of
unwanted metals from the environment

Potassium is one of major nutrients for plant growth, and lack of
it has entailed increased use of fertilizers. However, increased
fertilizer usage does not result in comparable production increase,
and excess fertilizer run-off creates soil pollution. Growing
ecological awareness necessitates new solutions to increase
agricultural production without endangering the environment, and
achieve food security via sustainable agriculture. As solutions to
these issues, we aim to elucidate the components of plant
potassium sensing and deficiency signaling in Arabidopsis using
various approaches. In parallel, we are using a marine red
macroalga, Pyropia yezoensis (susabinori) in order to understand
the mechanisms that enable seaweeds to survive in salty
condition and to compare these mechanisms with those of the
land plant Arabidopsis thaliana in terms of Na*/K* homeostasis. In
addition, to establish a new method of phytoremediation, chemical
screenings to elucidate the chemicals which affect cesium and
heavy metals uptake in plants were conducted and the
characterization of selected chemicals are on-going using
multidisciplinary approaches. As an extension, the roles of these
selected chemicals for the removal of unwanted metals
contamination are studying. We are also intensively elucidating
regulatory components of unwanted metals uptake that selectively
inhibit/suppress/prevent uptake of metals from contaminated soil.

Research Subjects
@ Dissection of signaling cascades in plant response to nutrient
deprivation

@ Improvement of plant nutrient use efficiency in response to
nutrient limitation

@ Understanding of marine macroalgae life in the marine
environment

@ Establishment of remediation methods for land contaminated
with unwanted metals using plants and chemical compounds

1=wbkY—5"— Unit Leader

B % phD.
Ryoung SHIN Ph.D.

Research Results

@® We demonstrated that Arabidopsis BETA-GLUCOSIDASE 23 regulates
plant response to cesium stress and a cesium tolerance enhancing
chemical, CsToAcE1, improved Cs tolerance by repressing
BETA-GLUCOSIDASE 23 in plants.

@ We identified a phenolic compound that enhanced plant growth in
various conditions.

@ We revealed that the overexpression of marine macroalgae (Pyropia
yezoensis) kinase genes and transporter genes led to improve the
growth and abiotic stress tolerance in plants.

Effect of CsToACE1 on cesium stressed wild-type (Col-0) and atfg/lu23 mutant
Arabidopsis plants

FEHI / Publications

Moon, J. M. et al.

Cesium tolerance is enhanced by a chemical which binds to BETA-GLUCOSIDASE
23 in Arabidopsis thaliana.

Sci. Rep. 11, 21109 (2021)

Miyazaki, T., Moon, J. M., Shin, R.

Contribution of marine macroalgae genes to plant potassium deficiency tolerance in
transgenic Arabidopsis.

Plant Biotechnol. Rep. 15, 349-357 (2021)

Mohammad-Sidik, A. et al.

Annexin 1 Is a component of eATP-induced cytosolic calcium elevation in Arabidopsis
thaliana roots.

Int. J. Mol. Sci. 22, 494 (2021)
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Cell Factory Research Team
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Butadiene bioproduction with E. coli having an artificial metabolic pathway
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Designing and constructing
optimal cell factories for
valuable chemical compounds

Cost reduction of raw materials and processes is needed
in order to use biomass as an alternative to fossil resources.
Our team aims to integrate conventional processes, which
are typically complicated and costly, into a bio-process that is
innovative, consistent, less costly and energy-saving. This
will be achieved by optimizing, in an integrated manner, a
plant's capacity to produce and degrade cellulose and the
process of microorganisms' degrading and synthesizing
biomass.

Research Subjects

@ Building cell factories for production of valuable chemicals

@ Developing in silico tools for designing artificial metabolic
pathways

@ Developing high functional enzymes catalyzing target
metabolic reactions

F—LU—5"— Team Leader

TR B2 T3t
Akihiko KONDO Ph.D.

Research Results

@® We succeeded in fermenting butadiene, a raw material for synthetic
rubber, from sugar by constructing an artificial metabolic pathway in
Escherichia coli.

@ We succeeded in producing a variety of useful compounds derived from
chorismate by optimally controlling the reaction to produce pyruvate in
Escherichia coli.

@ We constructed a Bacillus subtilis that efficiently produces
2,3-butanediol from glycerol by metabolic design using a genome-scale
model.

Global rewiring of E. coli metabolic pathway for maleate high production

FEHI / Publications

Mori, Y., Noda, S., Shirai, T., Kondo, A.

Direct 1,3-butadiene biosynthesis in Escherichia coli via a tailored ferulic acid
decarboxylase mutant.

Nat. Commun. 12, 2195 (2021)

Noda, S. et al.

Reprogramming Escherichia coli pyruvate-forming reaction towards chorismate
derivatives production.

Metab. Eng. 67, 1-10 (2021)

Vikromvarasiri, N., Shirai, T., Kondo, A.

Metabolic engineering design to enhance (R,R)-2,3-butanediol production from
glycerol in Bacillus subtilis based on flux balance analysis

Microb. Cell Fact. 20, 196 (2021)
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Metabolomics Research Group
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(A) Chemical structures of asparaptine A-C.

(B) The strategy of tandem mass spectrum similarity-based metabolome network analysis
using *C-labeled and non-labeled biosynthetic precursors.

(Reprinted with permission from Nakabayashi et al. J. Agric. Food Chem. 69, 8571-8577,
DOI: 10.1021/acs.jafc.1c01183. Copyright (2021) American Chemical Society)
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Developing integrated metabolomics
to explore mechanisms and regulation of

plant metabolite production

Metabolomics involves the identification and quantification
of all metabolites in a cell and correlating these to genomic
functions. The plant kingdom metabolome is extremely
diverse chemically, with estimates indicating as many as
200,000 different types of chemical substances. The various
compounds produced by plants are important for the
existence of the plant itself, and also play a vital role in our
lives as food, industrial materials, energy and medicines. Our
group performs cutting-edge metabolomics analyses by
high-performance mass spectrometry. These non-targeted
metabolomic analyses are applied to the identification of
unknown gene functions and elucidation of metabolic
networks. We are investigating the basic principles behind the
wide variety of plant production functions, using Arabidopsis
as a model. In the field of Phytochemical Genomics, we are
also elucidating the production systems for specialized plant
products in crops, medicinal plants and other useful plants at
the genome level. Another important aspect of our research is
an application of basic findings from these results to
metabolic genome engineering for the development of
sustainable resources.

Research Subjects
@ Improving metabolite peak annotation in metabolomics by
empirical and bioinformatics strategies

@ Application of the metabolomics platform to functional
genomics and biotechnology

@ |Identification of plant genes and networks involved in
biosynthesis of useful specialized (secondary) metabolites

@® Metabolic genome engineering and synthetic biology for
production of useful compounds

TIW—TF 4TI~ Group Director
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Kazuki SAITO Ph.D.

Research Results

@ Using a novel metabolomic approach, we identified the biosynthetic
pathway, intermediates, and analogues of asparaptine A, a
sulfur-containing metabolite in asparagus. We also showed that
asparaptine A exhibits hypotensive effects.

@ We have elucidated the molecular mechanism, by which slight
differences in the enzymes involved in glycyrrhizin production in different
licorice plant species, determines the productivity of the bioactive
metabolite, glycyrrhizin.

@® We identified a 2-oxoglutarate-dependent dioxygenase that is a key
enzyme for solanidane glycoalkaloid biosynthesis in potato. This enzyme
catalyzes the ring-rearrangement from spirosolane to solanidane via
C-16 hydroxylation.

The oxidative reactions catalyzed by CYP88D6 and CYP88D15 leading to the
production of specific triterpenoid saponins in the licorice.

FEHI / Publications

Nakabayashi, R. et al.

Tandem mass spectrum similarity-based network analysis using "*C-labeled and
non-labeled metabolome data to identify the biosynthetic pathway of the blood
pressure-lowering asparagus metabolite asparaptine A.

J. Agr. Food Chem. 69, 8571-8577 (2021)

Fanani, M. Z. et al.
Allylic hydroxylation activity is a source of saponin chemodiversity in the genus glycyrrhiza.
Plant Cell Physiol. 62, 262—-271 (2021)

Akiyama, R. et al.

The biosynthetic pathway of potato solanidanes diverged from that of spirosolanes
due to evolution of a dioxygenase.

Nat. Commun. 12, 1300 (2021)
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Metabolic Systems Research Team
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Understanding the mechanisms and physiology

of plant metabolism and
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Photograph of St. John's wort (top) and the reaction catalyzed by
a novel C-glycosyltransferase (bottom)
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improving production of useful materials

Metabolism is the basis of life and is finely regulated. Plant
metabolism and its regulation are complicated, because
plants produce primary metabolites as well as diverse
specialized metabolites. Since ancient times, humans have
used plant metabolites for nutrients, medicine, flavors, etc.
We aim to understand the mechanisms and physiology of
plant metabolism and improve plant productivity of useful
metabolites based on our findings. We identify genes
involved in biosynthesis/degradation of amino acids and their
derivative specialized metabolites and elucidate regulatory
mechanism. We also develop metabolomics techniques and
exploit mathematical modelling and machine learning for
data mining from metabolome data.

Research Subjects

@ Elucidation of the regulatory mechanism of amino acid
biosynthesis

@ Identification of genes involved in biosynthesis/degradation
of plant specialized metabolites

@ |Identification of metabolic pathways regulating plant
development

@ Data mining from metabolome data through machine
learning and mathematical modeling

Junior Research Associate
Mai UZAKI

Student Trainee
Rui LI
Hiromitsu TABETA

Part-time Worker
Junko TAKANOBU
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Masami HIRAI Ph.D.

Research Results

@ We clarified the metabolic pathway of Arabidopsis in which
glucosinolates, sulfur-containing specialized metabolites, are degraded
and reused as a sulfur nutrient source.

@ We identified a novel C-glycosyltransferase that produces isomangiferin
from norathyriol in Hypericum perforatum (St. John's wort).

@ We revealed that the serine biosynthetic enzyme PGDH has been
diversified in terms of allosteric regulation during the evolution of land
plants.

Biological functions of glucosinolates under sulfur-sufficient (left) and -deficient (right)
conditions

FEHI / Publications

Sugiyama, R. et al.
Retrograde sulfur flow from glucosinolates to cysteine in Arabidopsis thaliana.
Proc. Natl. Acad. Sci. USA 118, 2017890118 (2021)

Uchida, K., Akashi, T., Hirai, M.Y.

Identification and characterization of glycosyltransferases catalyzing direct xanthone
4-C-glycosylation in Hypericum perforatum.

FEBS Lett. 595, 2608-2615 (2021)

Okamura, E. et al.

Diversified amino acid-mediated allosteric regulation of phosphoglycerate
dehydrogenase for serine biosynthesis in land plants.

Biochem. J. 478, 2217-2232 (2021)
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Environmental Metabolic Analysis Research Team
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Fish ecotyping of environmental habitus based on machine-learning and Bayesian network analysis
for physical and chemical parameters of fish muscles
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Exploring sustainability of
environmental metabolic system
based on a data-driven approach

Our team intends to develop novel environmental analysis
such as by a bird’s-eye view of metabolism caused by
ecosystem biodiversity, based on technical advancements of
our NMR approaches toward metabolite and biomass
mixtures, as well as inorganic elements and microbial
ecosystem analyses combined with bioinformatics and
chemoinformatics approaches. Namely, we promote both
international and industrial collaboration in order to contribute
for effective utilization of chemical resources, by analyzing
laboratory systems, industrial (agriculture, forestry, and
fishery) process, and natural environment (hydrosphere and
geosphere, as well as outer space).

Research Subjects

@ Technological advancement of various spectrometric
measurements for complex biomolecular mixtures and
microbiota

@® Methodology development of data mining and accumulation
of databases for environmental measurements

@ Sustainable utilization of land- and aquatic biomass based
on studies of natural material cycles

@ Symbiotic metabonomic analysis between animal and
symbiotic microbiota in relation to their food nutrients

15 oie
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F—LU—5"— Team Leader
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Jun KIKUCHI Ph.D.

Research Results

@ We have achieved highly accurate J-coupling prediction by a
combination of quantum chemistry simulation and machine-learning
approaches.

@ We reported fish ecotyping of environmental habitus based on
machine-learning and Bayesian network analysis for stress testing,
1D-MRI and metabolite-macromolecular profiling of fish muscles.

@ We predicted hair physical properties (i.e. breaking force, elastic
modulus, extension, and yield strength) by regression modeling based
on descriptors from solid-state NMR, time-domain NMR, FT-IR and
thermal analysis.

Predicting J-coupling values by a combination of quantum chemistry simulation and
machine-learning approaches

FEHI / Publications

Ito, K., Xu, X., Kikuchi, J.

Improved Prediction of Carbonless NMR Spectra by the Machine Learning of
Theoretical and Fragment Descriptors for Environmental Mixture Analysis.
Anal. Chem. 93, 6901-6906 (2021)

Wei, F. et al.

Fish ecotyping based on machine learning and inferred network analysis of chemical
and physical properties.

Sci. Rep. 11, 3766 (2021)

Takamura, A., Tsukamoto, K., Sakata, K. Kikuchi, J.

Integrative measurement analysis via machine learning descriptor selection for
investigating physical properties of biopolymers in hairs.

Sci. Rep. 11, 24359 (2021)
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Plant Lipid Research Team
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Phosphocholine (PCho) promotes root growth of the phosphate-starved Arabidopsis plants.

GOOD HEALTH 12 RESPONSIBLE
AND WELL-BEING CONSUMPTION

AND PRODUCTION

A lipidomic approach to addressing
plant growth and development

We are investigating how lipids control plant growth and
development. Lipids play diverse roles in energy storage,
cellular membrane integrity and signal transduction. Under
the concept of “Spatiotemporal (4-D) lipidomics”, we
precisely address the molecular dynamics of lipid
metabolism and underlying mechanism in growth control.
Our basic research will form the basis of knowledge-based
metabolic engineering strategy to efficiently convert
photosynthetic assimilates into industrially valuable lipids,
which contributes to the development of carbon-neutral
society.

Research Subjects

@ Lipid-mediated mechanism in plant growth and
developmental control

@ Physiological significance of molecular diversity in the
membrane lipid profiles

@ Spatiotemporal (4-D) lipidomics -An effort to address the
subcellular dynamics of plant lipid metabolism at
spatiotemporal resolution-

@ Utilization of photosynthetic assimilates through the lipid
metabolic engineering

F—LU—5"— Team Leader

oft BRI mtaes)

Yuki NAKAMURA D.Sci.

Research Results

@® We found that phosphocholine is required for growth of
phosphate-starved plants.

@® We found a new metabolic route for triacylglycerol biosynthesis in seeds.

@ We found a new role for glycerol 3-phosphate in root growth of
phosphate-starved plants.

PLMT converts phosphatidylethanolamine (PE) to phosphatidylcholine (PC),
then provide a precursor for triacylglycerol (TAG) biosynthesis in seeds.

FEHI / Publications

Ngo, A.H., Angkawijaya, A.E., Lin, Y-C., Liu, Y-c., Nakamura, Y.

The phospho-base N-methyltransferases PMT1 and PMT2 produce phosphocholine
for leaf growth in phosphorus-starved Arabidopsis.

J. Exp. Bot. erab436 (2021)

Tan, Y.R., Nakamura, Y.

The importance of Arabidopsis PHOSPHOLIPID N-METHYLTRANSFERASE (PLMT)
in glycerolipid metabolism and plant growth.

J. Exp. Bot. erac049 (2022)

Ngo, A.H., Nakamura, Y.

Phosphate starvation-inducible GLYCEROPHOSPHODIESTER
PHOSPHODIESTERASEG6 (GDPDB) is involved in Arabidopsis root growth.
J. Exp. Bot. 73, 2995-3003 (2022)
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Two stereoselective Diels-Alderases, Fsa2 and Phm7
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AND PRODUCTION

Exploring microbial gene resources and

elucidating biosynthetic mechanisms

to produce valuable compounds

Microorganisms such as actinomycetes and filamentous
fungi are a rich repository of valuable secondary metabolites.
The understanding of biosynthetic mechanisms is important
to utilize microbial metabolites efficiently. For this reason we
elucidate a key reactions of biosynthetic pathways by genetic
and biochemical methods. We diversify microbial metabolites
by modifying gene clusters and pathway engineering. In
addition to utilizing transcriptional regulators, we develop
novel methods to activate biosynthetic gene clusters by small
molecules and create natural products. We are constructing
microbial biosynthetic platforms and efficiently produce
valuable natural products using genetic resources from
nature.

Research Subjects
@ Elucidation of biosynthetic machinery of bioactive microbial
metabolites by genetic, biochemical and structural analyses

@ Evaluation of transcriptional regulators associated with
secondary metabolite gene clusters

@ Production of novel secondary metabolites from unknown
gene clusters unveiled by genome sequence analysis

@ Development of small molecules that enhance production of
secondary metabolites

@ Construction of biosynthetic platforms using microorganisms

1=wbkY—5"— Unit Leader

S BT mteE
Shunji TAKAHASHI D.Sci.

Research Results

@® We have clarified the mechanism by which two enzymes catalyzing the
Diels-Alder reaction produce mirror image isomers.

@® We found 6,9-dihydroxytetrangulol with antibacterial activity by
disruption of the kigO gene involved in the biosynthesis of
kinanthraquinone.

@® We succeeded in analyzing the co-crystal structure of
6-demythylallyltryptophan synthase and its substrate.

Crystal structures of 6-demythylallyltryptophan synthase

FEHI / Publications

Fujiyama, K. et al.

Molecular basis for two stereoselective Diels-Alderases that produce decalin
skeletons.

Angew. Chem. Int. Ed. Engl. 60, 22401-22410 (2021)

Sakai, K. et al.

6,9-Dihydroxytetrangulol, a novel angucyclinone antibiotic accumulated in kigO gene
disruptant in the biosynthesis of kinanthraquinone.

J. Antibiot. 74, 593-595 (2021)

Suemune, H. et al.

Crystal structures of 6-demythylallyltryptophan synthase, IptA: Insights into substrate
tolerance and enhancement of prenyltransferase activity.

Biochem. Biophys. Res. Commun. 593, 144-150 (2022)
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Dearomative [3 + 2] Spiro-Annulation of 2-Arylquinolines with Alkynes via
Scandium-Catalyzed C-H Activation
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Developing new catalysts for more efficient,

selective chemical transformations

Our group aims to develop new generations of catalysts,
which are superior or complementary to existing ones, for the
synthesis of fine chemicals and functional polymers and for the
efficient use of untapped resources. Our research interests
include: (1) precision copolymerization of non-polar and polar
olefins for the synthesis of new functional polymers by unique
rare-earth metal catalysts, (2) development of regio-, stereo-,
and enantioselective and atom-, operation-efficient chemical
transformations for the synthesis of fine chemicals by designing
new catalysts and new reactions, and (3) activation and
transformation of small molecules such as N, CO, and CO; by
synergistic molecular multimetallic polyhydride clusters.

Research Subjects
@ Precision olefin polymerization by unique rare-earth metal
catalysts

@ Innovative organic synthesis based on new catalyst and
reaction designs

@ Small molecule activation and transformation by molecular
multimetallic hydride clusters

IIW—TFF 4TI~ Group Director

& AR Ixet
Zhaomin HOU D.Eng.

Research Results

@ We have achieved for the first time the asymmetric dearomative
spiro-annulation of quinolines with alkynes via scandium-catalyzed C-H
activation, affording a new family of chiral spiro-dihydroquinoline
derivatives.

@ We have achieved for the first time the terpolymerization of ethylene and
two different methoxyaryl-substituted propylenes by using a scandium
catalyst, leading to the formation of tough and fast self-healing
elastomers.

@ We have achieved for the first time the enantioselective C-H
alkenylation of ferrocenes with alkynes by using a chiral scandium
catalyst, affording a new family of planar-chiral ferrocenes.

Optical Microscope Images of a Self-Healing Polymer Composed of Ethylene and Two
Different Methoxyaryl-Substituted Propylenes.
Left: Damaged by a razor blade. Right: Self-healed in one minute

FEHI / Publications

Lou, S. etal.

Modular Access to Spiro-dihydroquinolines via Scandium-Catalyzed Dearomative
Annulation of Quinolines with Alkynes.

J. Am. Chem. Soc. 143, 20462-20471 (2021)

Yang, Y. et al.

Terpolymerization of Ethylene and Two Different Methoxyaryl-Substituted Propylenes
by Scandium Catalyst Makes Tough and Fast Self-Healing Elastomers.

Angew. Chem. Int. Ed. 60, 26192-26198 (2021)

Lou, S., Zhuo, Q., Nishiura, M., Luo, G., Hou, Z.

Enantioselective C—H Alkenylation of Ferrocenes with Alkynes by Half-Sandwich
Scandium Catalyst.

J. Am. Chem. Soc. 143, 2470-2476 (2021)
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Ni-catalyzed diastereoconvergent (3 + 2) cycloaddition
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Developing new transition metal-catalyzed
reactions and conducting integrated research

of chemistry and plant science

Our group focuses on developing new transition
metal-catalyzed reactions, and on conducting integrated plant
science and chemistry research with emphasis on sustainable
resource science. In particular, we aim to develop transition
metal-catalyzed asymmetric carbon-carbon bond-forming
reactions, reactions utilizing molecular oxygen, and reactions
for the synthesis of fluorine-containing molecules. In addition,
we further examine the functions of our original catalytic
reaction products. Furthermore, this group will also contribute
to enhancing collaboration between plant/microbiology
research and chemical research activities inside CSRS
through development of new modulators of plants and
microorganisms and elucidation of their action mechanisms.

Research Subjects

@ Development of catalytic fluoroalkylations

@ Development of asymmetric carbon-carbon bond-forming
reactions

@ Utilization of O, for oxidation reactions

@ Computational analysis of transition metal-catalyzed
reactions

@ Development of new probe molecules and their application
to biological research

I'IW—TF 14T 9~ Group Director

AT BF T et

Mikiko SODEOKA D.Pharm.

Research Results

@ We developed Ni-catalyzed diastereoconvergent (3 + 2) cycloaddition of
isomerizable C-CN nitrones with a-keto ester enolates.

@ We developed 1,2-bis-perfluoroalkylation reactions of alkenes and
alkynes using perfluorocarboxylic anhydrides via the formation of
perfluoroalkylcopper intermediates.

@ We revealed that small molecules with very similar structures having
deuterated and hydrogenated alkynes can be distinguished and
observed in living cells by Raman imaging.

1,2-Bis-perfluoroalkylation with perfluoro carboxylic anhydrides

FEHI / Publications

Ezawa, T. et al.

Dynamics in Catalytic Asymmetric Diastereoconvergent (3 + 2) Cycloadditions with
Isomerizable Nitrones and a-Keto Ester Enolates.

J. Am. Chem. Soc. 143, 9094-9104 (2021)

Tagami, T., Aoki, Y., Kawamura, S., Sodeoka, M.
1,2-Bis-perfluoroalkylations of alkenes and alkynes with perfluorocarboxylic
anhydrides via the formation of perfluoroalkylcopper intermediates.

Org. Biomol. Chem. 19, 9148-9153 (2021)

Egoshi, S., Dodo, K., Ohgane, K., Sodeoka, M.

Deuteration of terminal alkynes realizes simultaneous live cell Raman imaging of
similar alkyne-tagged biomolecules.

Org. Biomol. Chem. 19, 8232-8236 (2021)
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Advanced Organic Synthesis Research Team
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“Roof” Ligand for Selective Functionalization of Arenes
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Exploring next generation organic synthesis
for an environmentally sustainable society

Our team aims at the development of “next generation
synthesis” and its utilization for the creation of functional
organic molecules. Our vision of “next generation synthesis”
is inspired by the highly efficient reactions the Nature uses:
direct and highly selective coupling of organic molecules
without prefunctionalization with reactive groups. We envision
that by precise design of ligands, efficient and selective
catalysts enable the rapid assembly of complex functional
molecules from simple building blocks. We are also interested
in the development of sustainable catalysis based on
Earth-abundant metals such as manganese, iron, cobalt,
molybdenum, and the utilization of organosodium compounds
for organic synthesis.

Research Subjects
@ “Next generation organic synthesis”: direct and selective
coupling of organic molecules
@ Development of Earth-abundant metal catalysis

@ Organic synthesis with organosodium

F—LY—5"—,Team Leader
SOU72AUTa phD.
Laurean ILIES Ph.D.

Research Results

@® We designed a “roof” ligand that enables unique selectivity in the
reaction of simple and complex arenes.

@® We developed the selective functionalization of fluoroarenes next to the
fluorine atom, including drug molecules such as haloperidol.

@ We used sodium as a sustainable alternative to lithium for organic
synthesis, for example the synthesis of organosodium compounds and
the reduction of arenes.

Sodium as Sustainable Alternative for Lithium in Organic Synthesis

FEHI / Publications

Ramadoss, B., Jin, Y., Asako, S, llies, L.
Remote steric control for undirected meta-selective C-H activation of arenes.
Science 375, 658-663 (2022)

Kuleshova, O., Asako, S., llies, L.
Ligand-enabled, iridium-catalyzed ortho-borylation of fluoroarenes.
ACS Catal. 11, 5968-5973 (2021)

Asako, S., Takahashi, I., Nakajima, H., llies, L., Takai K.

Halogen—sodium exchange enables efficient access to organosodium compounds.
Commun. Chem. 4, 76 (2021)
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Green Nanocatalysis Research Team
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1,3,5-Regioselective Cyclotrimerization Using Polymeric Pyridine Co Catalyst
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Can we develop suitable catalysts
towards green sustainable chemistry?

“Can we show the general methodology for development of
highly active & reusable catalysts?”, “If we can develop
ultimately highly active catalysts, can they promote unrealized
reactions?”, “If we cover catalysts with light, what reactions will
be promoted?”, and “Can we develop suitable catalysts towards
green sustainable chemistry?” It is our mission in our team to
show our answers against the above-mentioned questions. For
this purpose, we will develop self-organized catalysts of polymer
ligands and metal species, spatial catalysts where micro/nano
space materials and catalytic molecules/clusters are merged,
and electromagnetic waves-activated catalysts.

Research Subjects
@ Development of self-organized catalysts of polymer ligands
and metal species

@ Development of spatial catalysts where micro/nano space
materials and catalytic molecules/clusters are merged

@ Development of electromagnetic waves-activated catalysts

F—LYU—5"— Team Leader
LU BF— e

Yoichi M. A. YAMADA D.Pharm.

Research Results

@ A highly active polymeric Co catalyst was developed.
1,3,5-regioselective cyclotrimerization proceeded efficiently using the
polymeric Co catalyst.

@ A microwave-photo emergent catalytic system was developed using
phenylacetylene as a catalyst.

@ Machine learning was used to successfully improve the yield of
nickel-catalyzed coupling reactions.

Photooxidation of Sulfoxides with Microwave Irradiation Using Phenylacetylene

FEHI / Publications

Sen, A, Sato, T., Ohno, A., Baek, H., Yamada, Y. M. A.
Polymer-Supported-Cobalt-Catalyzed Regioselective Cyclotrimerization of Aryl
Alkynes.

JACS Au 1, 2080-2087 (2021) *Selected as Supplementary Cover Picture

Matsukawa, Y. et al.
Microwave-Assisted Photooxidation of Sulfoxides.
Sci. Rep. 11, 20505 (2021)

Ebi, T., Sen, A., Dhital, R. N., Yamada, Y. M. A., Kaneko, H.

Design of Experimental Conditions with Machine Learning for Collaborative Organic
Synthesis Reactions Using Transition-Metal Catalysts.

ACS Omega 6, 27578-27586 (2021)
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Biofunctional Catalyst Research Team
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A lifetime of more than 1500 hours for the oxygen evolution reaction in acid was
achieved on CoMnO:s (left bottom). The DFT calculations show that this is due to the
stable Mn-O bond which prevents dissolution of lattice oxygen (upper left). The photo
of bubbles shows the intensive oxygen evolution on the electrode surface.
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AND PRODUCTION

Understanding biological electron transfer is
critical to develop a sustainable energy strategy

We work on the development of biologically inspired catalysts
and their application to energy conversion and production
systems. Specifically, we aim to understand nature’s ingenuity
towards multielectron transfer catalysis, electron/proton transport,
metabolic regulation, responsiveness to external stimuli, and
energy management in deep sea environments to develop novel
materials and systems necessary to effectively manage
renewable energy sources.

Research Subjects

@ Development of water splitting catalysts

@ Investigation of giant electro-ecosystems in a deep
hydrothermal environment

@ Microbial electricity generation

F—LU—5"— Team Leader

At BEF s

Ryuhei NAKAMURA D.Sci.

Research Results

@® We succeeded in synthesizing an active and stable catalyst for water
electrolysis by incorporating cobalt and manganese into a single
material.

@® We promoted a theory about catalyst activity using experiments, kinetic
modelling, and machine learning.

@® We succeeded in synthesizing thioester through electrochemical CO,
reduction.

Schematic image of the hydrogen evolution reaction on platinum in acid. The blue reaction pathway is
commonly assumed in the literature. However, our fitting analysis using machine learning and microkinetic
equations revealed that the red pathway is the dominant pathway observed experimentally. The sensitivity of
this pathway to the electrochemical potential results in the high activity of platinum observed experimentally.

FEHI / Publications

Li,A. etal.

Enhancing the Stability of Cobalt Spinel Oxide Towards Sustainable Oxygen Evolution
in Acid.

Nat. Catal. 5, 109-118 (2022)

Ooka, H., Wintzer, M. E., Nakamura, R.

Non-zero Binding Enhances Kinetics of Catalysis: Machine Learning Analysis on the
Experimental Hydrogen Binding Energy of Platinum.

ACS Catal. 11, 6298-6303 (2021)

Kitadai, N. et al.

Thioester synthesis through geoelectrochemical CO; fixation on Ni sulfides.
Commun. Chem. 4, 37 (2021)
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Bioplastic Research Team
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Syntheses of polyesters containing of resorcinol molecular skeleton structure
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Creating new high quality plastic materials

made from biomass

Our team aims to provide high-performance and specific
functional bioplastic materials as environmentally conscious
polymeric materials. Particularly, by paying attention to
biopolyesters produced by microorganisms, we have
developed the advanced technology that enables us to bring
out their potential and use them as practical plastic materials.
We also employ various biomass substances to create novel
polymeric materials, followed with biopolyesters. We
achieved to construct a methodology of molecular design for
bioplastics to predict their properties and functions, and new
technology for efficient and precise bioplastic synthesis.

Research Subjects

@ Design of biopolyesters for advanced materials
@ Synthesis and molecular design of novel biomass-polymers

@® New advanced methods for biomass-polymer synthesis

F—LY—5"—,Team Leader

FOIER HE et (T%)
Hideki ABE Ph.D.

Research Results
@ We succeeded in syntheses of copolymers containing B-substituted
acrylate monomers.

@® We found the relationship between the substituent and physical
properties for semi-aromatic polyesters containing resorcinol units.

@ We elucidated the relationships between miscibility and enzymatic
degradability for biopolyester-based polymer blends.

Syntheses of copolymers from B-substituted acrylate monomers

International Program
Associate

Iffa Farahin Binti JEEPERY

Research Fellow
Motosuke IMADA

Technical Staff
Naoko NAKADA

FEHI / Publications

Imada, M., Takenaka, Y., Tsuge, T., Abe, H.

Copolymers incorporated with B-substituted acrylate synthesized by organo-catalyzed
group-transfer polymerization.

Polym. J. 53, 989-999 (2021)

Jeepery, |.F., Sudesh, K., Abe, H.

Miscibility and enzymatic degradability of poly(3-hydroxybutyrate-co-3-hydroxyhexa-
noate)-based polyester blends by PHB depolymerase and lipase.

Polym. Degrad. Stab. 192, 109692 (2021)

Goto, T., Abe, H.

Substituent Effects on Thermal and Mechanical Properties of Resorcinol-Based
Semiaromatic Polyesters.

Macromol. Chem. Phys. 223, 2100355 (2022)

81



NA ZFEDFHRAF— L

Biomacromolecules Research Team
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Synthetic peptides: macropinocytosis-inducing peptides help cellular update.
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Developing new biopolymers and

applying them as biomass-based functional

and structural materials

We aim to search for, create and develop new functional
enzymes (polymerase and protease) as well as new
microorganisms (phototrophic bacteria) to contain developed
enzymes based on the relationship between structures and
functions of biopolymer synthases. The final goal of our
laboratory is to design and develop novel functional enzymes
to produce biopolymers such as poly (hydroxyalkanoate)
(PHA) and polyamide/polypeptide, which can be used as
structural materials.

Research Subjects
@ 3D structures and polymerization mechanisms of biopolymer
synthases

@ Search and development of microorganisms, polymerases,
and depolymerases

@ Design and biosynthesis of bio-inspired functional peptides

@ Biopolymer production and plant modifications via plant
biotechnology

Senior Visiting Scientist Technical Staff Part-time Worker
Taku DEMURA Yoko MOTODA Maai MORI
Takamasa SAKAI Yoko HORII Mami GOTO
Yutaka KODAMA Ayaka TATEISHI Alli AILIZATI
Visiting Scientist Student Trainee Assistant
Takashi OSANAI Taichi KURITA Mizuki TOMIZAWA
Misato OHTANI Yuki ITO Tomomi INOUE
Kazuharu ARAKAWA Yuki SHIMATANI

Kosuke TSUCHIYA Naoya ABE

Toshiki SAWADA Shota SAKAMOTO

Hiroshi SATO Takato MATSUI

Hirotaka UJI Takuma KAWAGUCHI

Daichi IDA

F—LY—5"—,Team Leader

BH E£8 #ta®
Keiji NUMATA Ph.D.

Research Results

@ Finding some low-molecular weight proteins contributing to the spider
silk’s mechanical properties.

@ Developing synthetic fusion peptides inducing macropinocytosis-like
cellular uptake in plant cells.

@ Developing gene expression and silencing via spray delivery of nucleic
acid/peptide complexes into plant nuclei and chloroplasts.

Spraying method: biomolecule delivery system into plant cells

FEHI / Publications

Kono, N. et al.

Multicomponent nature underlies the extraordinary mechanical properties of spider
dragline silk.

Proc. Natl. Acad. Sci. USA 118, €2107065118 (2021)

Miyamoto, T. et al.
Synthetic peptide—guided protein delivery in plants via a distinct endocytic route.
JACS Au 2, 223-233 (2022)

Thagun, C. et al.

Non-transgenic Gene Modulation via Spray Delivery of Nucleic Acid/Peptide
Complexes into Plant Nuclei and Chloroplasts.

ACS Nano 16, 3506-3521 (2022)
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Chemical Genomics Research Group
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Upon splicing errors, some of mMRNAs with retained introns are translated into aberrant
truncated proteins that induce proteotoxic stress, which eventually inhibit global
translation via inhibition of MTORC1.
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Exploiting methodologies to resolve

environmental and resource-related problems

using chemical biology

Identification of novel small molecular ligands is essential
to understand diverse biological phenomena and to control
the biological systems by chemical methods. This project
focuses on the development of useful molecular ligands that
are expected to contribute to an advance in environmental
and resource sciences by employing chemical libraries that
consist of microbial metabolites and/or synthetic compounds.
In particular, we search into novel active compounds by
constructing a variety of phenotypic screening systems using
genetically modified animal, plant and yeast cells, and in vitro
screening systems using various target proteins that include
enzymes for metabolism and epigenetics. In addition, we
construct new platforms for developing high throughput
screening systems. Our goal is to identify and provide unique
molecular ligands that are useful for chemical biology
research that aims to exploit new areas of environmental and
resource sciences.

Research Subjects

@ Development of screening systems for bioactive compounds
that target protein-protein interactions

@ Development of comprehensive methodologies for target
identification of bioactive compounds

@ Chemical regulation of epigenetics by controlling protein
methylation, acetylation, and acylation

@ Chemical regulation of metabolism for effective bioenergy
production

Visiting Researcher
Kazumi FUKATSU
Nurmila Sari

Student Trainee
Takumi TAKAHASHI
Wenjuan ZHU
Karam SAGHIR
Qing CAI

Huanlin LI

Mio KIKUTA

Saaya SEKINE

Assistant
Mari AOKI

IIW—TFF 4TI~ Group Director

SH R mzet
Minoru YOSHIDA D.Agr.

Research Results

@ We discovered a novel cellular feedback regulation that suppresses
global translation in response to aberrant proteins containing
intron-derived sequences generated by splicing errors.

@ Analysis of two related siderophore synthetic gene clusters in
Acremonium persicinum MF-347833 revealed that one acts as an
intracellular iron storage and the other kills competitor fungi to deprive
iron.

@® We showed that spliceostatin A causes premature cleavage and
polyadenylation in mRNA and noncoding RNA by reducing the
availability of a splicing factor U1 snRNP in cells, thereby inducing
anticancer activity.

Differential roles of two structurally related siderophores in a fungus Acremonium
persicinum, which are synthesized by two evolutionarily distinct non-ribosomal peptide
synthetase (NRPS) gene clusters.

FEHI / Publications

Chhipi-Shrestha, J. K. et al.

Splicing modulators elicit global translational repression by condensate-prone proteins
translated from introns.

Cell Chem. Biol. 29, 259-275 (2022)

Asai, Y. et al.

Differential biosynthesis and roles of two ferrichrome-type siderophores,
ASP2397/AS2488053 and ferricrocin, in Acremonium persicinum.

ACS Chem. Biol. 17, 207-216 (2022)

Yoshimoto, R. et al.

Spliceostatin A interaction with SF3B1 limits U1 snRNP availability and causes
premature cleavage and polyadenylation.

Cell Chem. Biol. 28, 1356-1365 (2021)
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Dihydrolucilactaene is a potent antimalarial compound.
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chemical biology and elucidating mysteries of

complex biological systems

In order to promote research in chemical biology that aims
to elucidate biological phenomena using chemical compounds
as starting materials, it is important to establish a platform for
chemical biology. Our group constructs chemical libraries
through the genetic engineering of microorganisms and
organic synthesis, as well as databases that describe the
chemical and biological information of the libraries. We explore
useful bioactive compounds in the chemical library, identify
molecular targets of bioactive compounds, and elucidate
mechanisms behind the actions of active compounds as well.
We continue to maintain this infrastructure for advanced
studies of chemical biology and sustainable resource science.

Research Subjects
@ Expansion of the database of the chemical bank, “Natural
Products Depository (NPDepo)”

@ Expansion of the chemical library using genetic engineering
and synthetic chemistry

@ Exploration of bioactive small molecules and development of
new analytical techniques for target identification

International Program Part-time Worker
Associate Keiko WATANABE
Fauze Bin MAHMUD Mayu KAWASAKI
Student Trainee Yoko WAKAMURA
Yuko TERAMAE

Research Consultant
Takeshi SHIMIZU
Sayoko HIRANUMA
Yasuhiro HORI

IIW—TFF 4TI~ Group Director
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Hiroyuki OSADA D.Agr.

Research Results

@® We found a new potent antimalarial compound dihydrolucilactaene from
a filamentous fungus treated with a secondary metabolism controlling
compound NPD938.

@® We demonstrated that indoluidin targets DHODH, thereby inhibiting
tumor growth.

@ Using new abscisic acid derivatives, we revealed adequate regulation of
stomatal, transcriptional, and developmental responses to conquer
drought.

Indoluidin is a novel DHODH inhibitor.

FEHI / Publications

Abdelhakim, A. |. et al.
Dihydrolucilactaene, a potent antimalarial compound from Fusarium sp. RK97-94.
J. Nat. Prod. 85, 63-69 (2022)

Kawatani, M. et al.

Identification of dihydroorotate dehydrogenase inhibitors-indoluidins-that inhibit cancer
cell growth.

ACS Chem. Biol. 16, 2570-2580 (2021)

Yoshida, K. et al.

New abscisic acid derivatives revealed adequate regulation of stomatal,
transcriptional, and developmental responses to conquer drought.

ACS Chem. Biol. 16, 1566-1575 (2021)
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Molecular Ligand Target Research Team
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Target identification of clionamines using a yeast chemical genomics approach
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mode-of-action of bioactive compounds through
global analysis of chemical genetic interactions

Bioactive molecular ligands with unique physiological
effects must have specific cellular targets. Target identification
is critical for elucidating the mechanism of action of molecular
ligands and for drug discovery. However, drug target
identification has been extremely difficult, because the
interactions between molecular ligands and their targets are
not uniform. Our team aims to develop innovative techniques
for target identification based on the global analysis of yeast
chemical-genetic and genetic interactions, leading to quick
and accurate elucidation of ligand-target interactions.

Research Subjects
@ Global analysis of chemical genetic interactions between
molecular ligands and their target molecules
@ Validating the mode of action of bioactive compounds

@ Identifying bioactive chemical tools and therapeutic leads
that target essential gene pathways

F—LU—5"— Team Leader

F—)LXT—2 phD.
Charles M. BOONE Ph.D.

Research Results

@® We investigated the mechanism underlying the antifungal activity of
momilactone B using the fission yeast chemical genomics analysis.

@ We found that clionamines activate autophagy and inhibit
Mycobacterium tuberculosis survival in macrophages and a yeast
chemical genomics approach identified Pik1 as a target protein.

@® We established a machine learning model to provide a comprehensive
essentiality prediction for Candida albicans and generated the Candida
chemical genomics pipeline.

Mode of action analysis of momilactone B using the fission yeast chemical genomics analysis

FEHI / Publications

Fu, C. etal.

Leveraging machine learning essentiality predictions and chemogenomic interactions to

identify antifungal targets.
Nat. Commun. 12, 6497 (2021)

Persaud, R. et al.

Clionamines stimulate autophagy, inhibit Mycobacterium tuberculosis survival in
macrophages, and target Pik1.

Cell Chem. Biol. 29, 870-882 (2022)

Tomita, K. et al.

Genome-wide screening of genes associated with momilactone B sensitivity in the
fission yeast Schizosaccharomyces pombe.

G3 (Bethesda) 11, jkab156 (2021)
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Molecular Bioregulation Research Team
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Regulation of plant physiology

with synthetic molecules

Although increasing global food supply is the critical issue
for sustainable society, crop yields are growing too slowly to
meet the expected food demand. We are rather facing many
problems such as climate change, which will make it
challenging to produce enough food. Our team aims at
solving these issues by chemical biology approach. We
search key genes for stable food production through forward
and reverse chemical genetics. The compounds obtained
from chemical screening will be structurally optimized through
chemical synthesis and applied to regulate physiological
functions of plants. Our goal is to go beyond the limitation of
current plant science and agriculture by combining synthetic
chemistry and plant biology, and to explore new field of
sustainable resource science.

Research Subjects

@ Precise control of plant hormone signaling
@ New methodology for regulating plant reproduction

@ Development of new technology in chemical biology
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F—LU—5"— Team Leader

FNR Bt PhoD.

Shinya HAGIHARA Ph.D.

Research Results

@® We developed fluorescent dyes that rapidly visualize subcellular

compartments in plants.

@® We found that autophagy contributes to the quality control of leaf

mitochondria.

Rapid imaging of subcellular compartments with 1,8-Naphthalimide dyes

FEHI / Publications

Kusano, S., Nakamura, S., Izumi, M., Hagihara, S.

Development of 1,8-Naphthalimide dyes for a rapid imaging of subcellular
compartments in plants.

Chem. Commun. 58, 1685-1688 (2021)

Nakamura, S. et al.
Autophagy contributes to the quality control of leaf mitochondria.
Plant Cell. Physiol. 62, 229-247 (2021)
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Metabolome Informatics Research Team
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Roadmap to investigate the diversity of phytochemicals (DOI: 10.1039/D1NP00014D)
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Developing software platforms and databases

for metabolomics research

Our team develops software platforms necessary for
metabolomic analyses, network analyses and computer
simulations. We also design databases for more efficient
identification of metabolites. Our developments will be applied
to integrated analysis of metabolomic and transcriptomic data
from collaborating teams to enable systematic understanding
of life.

Research Subjects

@ Analysis and interpretation of metabolomic data

@ Software development for metabolome analysis and
simulations

@ Integration of metabolic databases

F—LY—5"—_Team Leader
EH EH ey

Masanori ARITA D.Sci.

Research Results

@® We developed the RIKEN Plant Metabolome Metadatabase (RIKEN
PMM), storing mass spectrometry-based profiling data with their
structured experimental metadata.

@® We performed untargeted lipid profiling for 155 agricultural food products
from 23 plant families.

@® We surveyed technologies and achievements of phytochemical
metabolomics.

RIKEN PMM view of genotype-dependent metabolome data in Arabidopsis

FEHI / Publications

Matsuzawa, Y. et al.
Food lipidomics for 155 agricultural plant products.
J. Agric. Food Chem. 69, 8981-8990 (2021)

Fukushima, A. et al.
Development of RIKEN Plant Metabolome MetaDatabase.
Plant Cell Physiol. 63, 433-440 (2022)

Tsugawa, H., Rai, A., Saito, K., Nakabayashi, R.

Metabolomics and complementary techniques to investigate the plant phytochemical
COSMos.

Nat. Prod. Rep. 38, 1729-1759 (2021)
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Molecular Structure Characterization Unit
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Spectroscopic and computational analysis of the microwave-assisted
photooxidation

2021FEEX > /N\— / FY2021 Members

Unit Leader Technical Scientist
Hiroyuki KOSHINO Toshihiko NOGAWA

Senior Research Scientist Technical Staff
Shun-ya TAKAHASHI Eiyu IMAI
Takemichi NAKAMURA

Part-time Work
Atsuya MURANAKA art-time Worker

Xingmei OUYANG
Senior Technical Scientist
Takashi NAKAMURA
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Developing technologies and platforms

for structure characterization

by NMR and MS analyses

We develop new methods and technologies of NMR and
MS analyses for structural elucidation and characterization of
novel organic compounds that are found or synthesized in
chemistry and related scientific fields such as chemical
biology, metabolomics research, and several organic
synthetic studies. We provide diverse research support
activity for characterization of organic molecules through
maintenance and operation of MS, NMR, and CD facilities for
all RIKEN researchers. Our research supporting activities
include training on open access machines, technical
assistance, data acquisition, and spectral data analysis and
interpretation. We collaborate with many research groups,
and continue to improve our capability and methodology for
organic  molecular characterization and  structural
determination by spectroscopic analysis together with organic
synthesis.

Research Subjects

@ Development of new methods and technologies for NMR
and MS analyses

@ Organic molecular characterization and structural
determination by spectroscopic analysis and organic
synthesis

@ Research supporting activity and collaborative research with
NMR, mass spectrometry, other spectroscopic methods
and quantum chemical calculations

@ Synthesis of bioactive natural products in aid of the
structural and biological activity studies

1=wbkY—5"— Unit Leader

HE LS syt
Hiroyuki KOSHINO D.Agr.

Research Results

@® We analyzed spectroscopically and computationally the
microwave-assisted photooxidation of sulfoxides.

@® We determined the absolute configuration of a novel norditerpenoid
inhibitor of melanin production isolated from Kuji amber by the total
synthesis.

@® We synthesized four geometrical isomers stereoselectively for
identification of sex pheromone components of moths by GC-EAD and
GC/MS analysis and to use in field trap tests.

Structures of four geometrical isomers of 11,13-hexadecadien-1-ol synthesized for
identification of sex pheromone components of moths

FEHI / Publications

Matsukawa, Y. et al.
Microwave-assisted photooxidation of sulfoxides.
Sci. Rep. 11, 20505 (2021)

Ezawa, T. et al.

Dynamic asymmetric diastereoconvergent (3+2) cycloadditions with isomerizable
nitrones and a-keto ester enolates.

J. Am. Chem. Soc. 143, 9094-9104 (2021)

Sakai, K. et al.

6,9-Dihydroxytetrangurol, a novel angucyclinone antibiotic accumulated in kigO gene
disruption in the biosynthesis of kinanthraquinone.

J. Antibiot. 74, 593-595 (2021)

95



FanoFENT1IZYE

Biomolecular Characterization Unit

IVNIEDIBEZRANT.
EMRRODHACETNET
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cEFER U

B @ AFILERMETTLOE. ¥/ BDERF IV EREREMT I E%H
HRT—< ShiCUtze

® STINGEHET BT V/INVEDTOTA—LERZTV. COP-IEEHN

SRIREEAE S 6D T-E e
® LHNTORRRBWES O FRTRERN STINGDERNDEXICBIS L TWS I &ZR U,

® EHFEDFOEENBITEDRF
® RNADEENHT

MALDI TOF-TOF mass spectrum of S100A9-derived peptides from WT and Mettl9 KO mouse neutrophils. As a result of
comparison between WT and Mettl9 KO mouse neutrophils, we found that His109 of S100-A9 is methylated with METTLO.

2021FEE XV IN— / FY2021 Members

Unit Leader Postdoctoral Researcher
Naoshi DOHMAE Yuta NOMURA
Senior Research Scientist Technical Staff
Hiroshi NAKAYAMA Masami KOIKE

Senior Technical Scientist Al Al

Takehiro SUZUKI
Kowashi WATANABE

Technical Scientist
Miwako ASANUMA
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To resolve the mystery of
biological phenomena,
we examine the protein structure

1=vbkY—5"— Unit Leader

Our unit provides high quality structural characterization EET B e
methods to the field of biological science, aiming to further Naoshi DOHMAE Ph.D.

understand the mechanism and action of biological molecules.
We manage specialized and technical instruments including
protein chemical analyses, mass spectrometry. Our challenge
to research, develop and fine-tune novel characterization Research Results
methods for biological molecules, is an endless yet rewarding

process. @® We discovered a microprotein-coding overlapping gene of
Hippo-YAP/TAZ signaling effector SCRIB by human proteogenomic

analysis.

@ We found that methytaion enzyme the methylase METTTL9 modifies

Research Subjects histidine residues of proteins.

@® We performed proteome analysis of co-precipitates with STING and
showed that the COP-I complex is involved in the transport of STING to
the ER.

@ Development and application of analytical methods for
structural details on biological molecules

@ Development of quantitative analysis of biomolecules

@ Identification and characterization of RNA by mass
spectrometry

Translational repression of a canonical gene SCRIB by a newly discovered translatable overlapping gene oSCRIB. Our study
revealed that the translation initiation of 0SCRIB results in the translational inhibition of the downstream gene SCRIB, which will
contribute to non-excessive expression of SCRIB as a Hippo-YAP/TAZ signaling effector gene in human cells.

FEHI / Publications

Nomura, Y., Dohmae, N.

Discovery of a small protein-encoding cis-regulatory overlapping gene of the tumor
suppressor gene Scribble in humans.

Commun. Biol. 4,1098 (2021)

Davydova, E. et al.

The methyltransferase METTL9 mediates pervasive 1-methylhistidine modification in
mammalian proteomes.

Nat. Commun. 12, 891. (2021)

Mukai, K. et al.

Homeostatic regulation of STING by retrograde membrane traffic to the ER.
Nat. Commun. 12, 61. (2021)
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Mass Spectrometry and Microscopy Unit

EVEIRRADHDEESHB LU
PR OEMBEEZIRHULET

BENTERYERTIRBEERRZMAOI T THE1E
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R AR
O MNADAZRO—LT—IDSINEREREE T HTIETI/ILEERTEE
_ ICEDBEL Y—H—RBEVREEZRTE Ul
HRT—<

@ BEARDMTEENUCBEROPDEDICLDR Y —BRIREREICH
FTEIRERAFTD UL HEZD UL ANDIEYTRILEAERADE DD ZBESH
lcUfz,

O HFRHELEFEMR CRADAEBEFHEBEEMREATLAZREI 5L
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O BEENMEHCLBEY AT RO — LB
©® BEENEICLZEMTILEV BT
O EYHEEE S OISO BEMRERT

CLEM & array tomography system and confocal microscope, CLEM image
and 3D image

20215FEE XV /N— / FY2021 Members

Unit Leader Technical Staff

Masami HIRAI Makoto KOBAYASHI

Senior Technical Scientist Yumiko TAKEBAYASHI

Kiminori TOYOOKA Muneo SATO
Mayumi WAKAZAKI

Technical Scientist Noriko TAKEDA

Mayuko SATO Kouji TAKANO

Expert Technician Vi €T

Mikiko KOJIMA

Tetsuya MORI

Ryosuke SASAKI
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Providing mass spectrometric and
microscopic platforms for plant science

1=wbkY—5"— Unit Leader

Mass spectrometric and microscopic analyses are FH BE mtreE
fundamental analytical technology in plant science and Masami HIRAI Ph.D.

sustainable resource science. Our unit develops and executes
the analyses based on mass spectrometry for the study of
plant metabolome and hormonome and on microscopy for the
ultrastructural observation of the plant cells. Research Results

@ By machine learning, we constructed a model for predicting yield-related

) traits of tomato from metabolome data and identified a candidate marker
Research Subjects metabolite.

@ We found a mechanism underlying efficient growth strategies of a wild
rice under heterogenous nitrogen conditions and how phytohormones
are involved in the mechanism.

@ Plant metabolomic analyses by mass spectrometry
@ Plant hormone analyses by mass spectrometry

@ Microscopic analyses of plant tissues and cells @ We improved correlative light and electron microscopy (CLEM) using

light microscopes and electron microscopes, and developed array
tomography for 3D image reconstruction.

The growth regulation strategy in limited and heterogeneous nitrogen availability

FEHI / Publications

Part-time Worker Siriwach, R. et al.

Yuko SAITO Assessment of greenhouse tomato anthesis rate through metabolomics using LASSO
Tomoko SUZUKI regularized linear regression model.

Chieko KOMORI Front. Mol. Biosci. 9, 839051 (2022)

Masami NANRI

Toshiyo MOTOJIMA Kawai, M. et al.

Kiyoko MOROHOSHI Regulation of ammonium acquisition and use in Oryza longistaminata ramets under

nitrogen source heterogeneity.
Plant Physiol. 188, 2364-2376 (2022)

Hachiya, T. et al.

Excessive ammonium assimilation by plastidic glutamine synthetase causes
ammonium toxicity in Arabidopsis thaliana.

Nat. Commun. 12, 4944 (2021)
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Chemical Resource Development Research Unit

TEAWNAFOI—HRARZINET B1=HhD
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AR AR

@ BEMRAMRALEY/N>T(NPDepo)DILENZTATZU—H 5,
Mint3fEEL B ZRE L. DAY HMINtIFEN ICH A DI I
LlERr - [y N Oy =

® EFFES IOV NI ANTO—T) TE ABILZOMEEN S
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ICRHE U AL B Y DOFMEREMDEED T ERICFE VI —TEEY R
IIN—TEDFELEIT>TWS,
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assay database) =6 &I, FHAEMBIDZ 1T oY —ZBEL,

Chemical library of NPDepo in storage
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Unit Leader Technical Staff

Hiroyuki OSADA Hiroyuki HIRANO

Senior Scientist TR
Harumi AONO

Nobumoto WATANABE

Part-time Work
Senior Research Scientist art-time Worker

Makoto MUROI j‘k"f T(%SBZ'\'%KSAHI
Yasumitsu KONDOH unko
Makoto KAWATANI
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Expanding and using chemical libraries

to accelerate chemical biology research

A chemical library is an indispensable tool to promote
research on the regulation of cell functions and drug-discovery
under the strategy of chemical biology. To ensure the
utilization and application of the chemical library, we promote
research supports for chemical biology and resource science
by providing chemical compounds, their information, and
structure-activity relationship analysis. Moreover, we are
enriching the chemical library by cooperating with Natural
Product Biosynthesis Research Unit.

Research Subjects

@ Chemical library utilization

@ Research promotion by structure-activity relationship
analysis and optimization of chemical structures

1=wbkY—5"— Unit Leader

RH 8 ezt
Hiroyuki OSADA D.Agr.

Research Results

@ From chemical library of the RIKEN Natural Product Depository
(NPDepo), we identified a Mint3 inhibitor, which was found to inhibit
cancer metastasis in a Mint3-specific manner.

@ In the RIKEN New Fields Project (Chemical probes), we accept
compounds from chemical synthesis laboratories and made chemical
libraries, that were provided to screening groups. Collecting chemicals
and biological activities, we are bridging between chemists and
biologists in this project.

@ In order to make effective use of the compound library, we constructed a
library by evaluation purpose based on biological evaluation information
(NPEdia assay database).

Achievement of chemical library provision

FEHI / Publications

Sakamoto, T. et al.

Pharmacological inhibition of Mint3 attenuates tumour growth, metastasis, and
endotoxic shock.

Commun. Biol. 4, 1165 (2021)

Yoshida, J. et al.

Mitochondrial complex | inhibitors suppress tumor growth through concomitant
acidification of the intra- and extracellular environment.

iScience 24, 103497 (2021)

Safizadeh, H. et al.

Improving measures of chemical structural similarity using machine learning on
chemical-genetic interactions.

J. Chem. Inf. Model. 61, 4156-4172 (2021)
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Drug Discovery Chemical Bank Unit
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DMP chemical library in storage
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2021FEE XV /N— / FY2021 Members

Unit Leader
Hiroyuki OSADA

Deputy Unit Leader
Yasumitsu KONDOH

Technical Staff
Hiroyuki HIRANO
Yuta IWAI

Kaori HONDA

Part-time Worker
Manami MORIHASHI

Proper management and provision of
chemical compounds to support research

for drug discovery and development

This unit takes over the role of a chemical bank in the
RIKEN program for Drug Discovery and Medical Technology
Platforms (DMP); we store compounds synthesized or
purchased in the process of exploration and structure
optimization of drugs and supply them for validation of
biological activity, toxicity or safety. In cooperation with the
Chemical Resource Development Research Unit, we also
construct and provide a chemical library for drug-discovery
screening to the Seed Compounds Exploratory Unit for Drug
Discovery Platform and other researchers. We have
constructed the database for the management of the chemical
library to provide compounds efficiently.

Research Subjects

@ Storage of chemical libraries for drug-discovery
@ Provision of chemical libraries for HTS to explore drug seeds

@ Construction of database for management of chemical library

H#g3 —whJ—%5"— Unit Leader
RH 8 meet

Hiroyuki OSADA D.Agr.

Research Results

@® We provided hit compounds for re-evaluation of biological activities.

@ We prepared and provided solution plates of NPDepo compound
libraries for the newly introduced ultra-trace dispensing system (ECHO).

@® We have started to respond to requests for provision of compounds in a
consistent manner, from purchase to database registration and
provision.

Achievement of chemical library provision
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Drug Discovery Seed Compounds Exploratory Unit
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Classification of the methods for HTS assay systems that have been conducted in FY2021

2021FEE XV /N— / FY2021 Members

Unit Leader
Minoru YOSHIDA

Deputy Unit Leader
Akiko IDEI

Senior Research Scientist
Ken MATSUMOTO

Senior Visiting Scientist
Kenji OGAWA

Visiting Scientist
Hiroki KOBAYASHI

Technical Scientist
Koushiki MINO
Seiji MATSUOKA
Shin-ya OKAMOTO

Discovering seed and lead compounds

by HTS to develop new drugs

B3 = wbhU—9'— Unit Leader
The Drug Discovery Seed Compounds Exploratory Unit SH B mset
aims to identify seed compounds for drug development, which Minoru YOSHIDA D.Agr.
are active on drug target molecules, through HTS of large
compound libraries.

Research Subjects Research Results

@ High throughput screening (HTS) using in vitro and
cell-based assay systems

@ We constructed assay systems and conducted HTS for a total of 42
different drug discovery themes in RIKEN DMP, AMED P-CREATE, and
MEXT project New frontier for ubiquitin biology driven by
chemo-technology, contributing to the identification of compounds with
activity against target molecules and target phenotypes.

@ High content screening based on cell imaging

@ HTS for compounds that recover yeast phenotypes induced

by expression of human genes @ We installed a high-throughput molecular interaction analysis system

based on microscale thermophoresis (Dianthus NT.23PicoDuo), and
established an experimental flow for detecting the compound’s binding
activity to target proteins in HTS themes of RIKEN DMP.

A drug screening system using microscale thermophoresis (MST) technology was constructed and used for HTS, resulting in the
identification of primary hit compounds.

FEHI / Publications

Technical Staff Taeko WAKANA Takayama, K.I. et al.

Satoko MAEDA Toshie KAIZUKA Targeting epigenetic and posttranscriptional gene regulation by PSF impairs hormone
‘IJkuunlli(l)Jw::j\\lll?A Ezict(r(i) éVIA(_)I_gONAGA therapy-refractory cancer growth.

Takeshi SONODA Rika KAWAMURA Cancer Res. 81, 3495-3508 (2021)

Michiru IWNASHITA Miwa TAKAHASHI

Haruna NISHIMURA Saki IMAMURA Nakatani, K. et al.

Mari AGAWA Alantolactone is a natural product that potently inhibits YAP1/TAZ through promotion
Yasue ICHIKAWA ASSiSta"t of reactive oxygen species accumulation.

Akiko NAKATA ek AR Cancer Sci. 112, 4303-4316 (2021)
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Drug Discovery Chemistry Platform Unit
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Targeted protein degradation
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Unit Leader Research Scientist Visiting Scientist

Hiroo KOYAMA Katsuhiko SEKIMATA Takuya TASHIRO

Senior Research YE_J‘SUKO KODA Technical Staff

Scientist Hirokazu KUBOTA Rie OSAKI

Fumiyuki SHIRAI Kenichi WASHIZUKA

Nobuo CHO Hirofumi YAMAMOTO Part-time Worker
) L Fumiko KYOTANI

Senior Technical Technical Scientist

Scientist Ko KIKUZATO Assistant

Junichi KAZAMI Chieko SHIDA

Pursuing small molecule drug discovery

and targeted protein degradation

As a part of the drug discovery efforts at RIKEN, our group’s
research is focused on 1) small molecule drug discovery, 2)
targeted protein degradation, and 3) chemistry-related general
support for the drug discovery efforts of our collaborators at
various academic and governmental research institutions in
Japan. We specialize on programs with novel therapeutic
targets or mode of action, and strive to quickly develop
structure-activity relationships on HTS hits in a wide range of
therapeutic areas including rare diseases, neglected tropical
diseases, and intractable cancers. While identification of a
preclinical candidate is the ideal outcome, validation of novel
therapeutic targets is also an important part of our efforts.

Research Subjects

@ Small molecule drug discovery and targeted protein
degradation

Bi#g1 —whJ—5"— Unit Leader

INL 185 septet
Hiroo KOYAMA Ph.D.

Research Results
@ Preclinical development of a small molecule anti-cancer drug candidate
is in progress.

@ Preclinical development of a small molecule rare disease drug candidate
is in progress.

@ Next generation drug discovery Al platform development is in progress.

Drug discovery process

FEHI / Publications

Yamamoto, H. et al.

Novel bicyclic pyrazoles as potent ALK2 (R206H) inhibitors for the treatment of
fibrodysplasia ossificans progressive.

Bioorg. Med. Chem. Lett. 38, 127858 (2021)

Nara, T. et al.
The ubiquinone synthesis pathway is a promising drug target for Chagas disease.
PLoS ONE 16, e0243855 (2021)

Tanji, K. et al.

Novel tankyrase inhibitors suppress TDP-43 aggregate formation.
Biochem. Biophys. Res. Commun. 537, 85-92 (2021)
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Bioprobe Research Group

Proceeding the research of
systems chemical biology in collaboration
with Max Planck Institute in Germany

RLYIVIRT SV IHRAFREEELT
VATFLRATZAIVNAFOI—RAREHELT T

IIW—TFF 4TI~ Group Director

LBIOIW—TTIE ROV - RILNAYRNDNY Y IR T TV 7D F In collaboration with a group of Max Planck Institute (MPI) of El 82 mest
ATBEIFZERT (MPIl of Mol. Physiol. ANUARJLN-TILRYY Molecular Physiology (group of Prof. Herbert Waldmann), Hiroyuki OSADA D.Agr.
I DI —F) B LT, VAT LR 2 AILINAAD T —FF Dortmund, Germany, we perform a chemical biology study. We

REZT>TVNB EVNDY I —TEFRREZREFESE exchange young researchers from each other for tight and
2 o - FH/M

_ continuous collaboration.
BIETREH OB UIHBMRZIToTWV S 451 EHE

e AR AR Research Results
AR TREENIEEYOMBERNENREZ E 0BT T —<
LTI A D TND, @ Glutipyran®GLUTsZZM & U TBEB MR EZRT ZEZESMC LT, @ We demonstrated that glutipyran targets GLUTSs, thereby inhibiting tumor
® BEEMVIBEES /I EDRYU—=2 T B %R (CLS) & growth.
ERTZDYVIIEERE U, @ We identified proteins that extended yeast chronological life span (CLS)
NI — < ae - <L from a screen of ageing-related proteins in yeast.
o= __ ® EYIVDITIMYDNEBBROBBRICEMETZINIVNITESR .
HRT =~ HADHAEHEE LA ZF Y DEERZINHEITH I EZESHNIT U, Research SubJeCts @ We elucidated that Lactone-vitamin D3 selectively binds to HADHA, a
O EEFEMYEOMBNENRE @ Target identification of bioactive compounds mitochondrial enzyme that catalyzes B-oxidation of long-chain fatty acids,
and inhibits carnitine synthesis.
©® HYMRRICEEZSZ 2/I\DFLEYDRR T @ Screening for small molecules with effects on animal cells

© FHES FIENDRIEE 21 5 OISESRRITIE and analyses of their mechanisms of action
@ Mining and functional analyses of molecular targets

Screening for ageing-related proteins in chronological life span assay Glutipyran is a novel broad-spectrum GLUT inhibitor.
20215FEE X /IN— / FY2021 Members FEH / Publications
Group Director Kawatani, M. et al.
Hiroyuki OSADA Identification of a small-molecule glucose transporter inhibitor, glutipyran, that inhibits
Senior Research Scientist :ag;ecr;:ell grg'w/th-is 1576-1586 (2021
Makoto MUROI S 10 10 A 0 (021
Lee, J. W. et al.

Screening of selected ageing-related proteins that extend chronological life span in
yeast Saccharomyces cerevisiae.
Sci. Rep. 11, 24148 (2021)

Mendoza, A. et al.

Controlled lipid B-oxidation and carnitine biosynthesis by a vitamin D metabolite.
Cell Chem. Biol. 29, 660-669 (2022)
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Bioprobe Application Research Unit

MHUESEICREEZS X BI\DF
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0 ERLIEEZRSIER . GPX4EER OLF TSN LRI YE
NPD4928z Rt L. 7z A7 h—I X2 M55 /\VEFSP1 2R E
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® NITIRATATANA(TNBC) TZMIZ2H EHRBELTWSZEZ B H L.
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@ EAFEDanshenBLUPZDEEMDH. 7O K B420D R PC12
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ZMIZ2-related protein—protein interaction (PPI) networks and transcription
factor regulatory networks

2021FEE XV /N— / FY2021 Members

Unit Leader
Nobumoto WATANABE

Senior Research Scientist
Makoto KAWATANI

Technical Staff
Emiko SANADA

International Program Associate
Ziyu LIU
Xintong LIU

Identification of small molecules with

effects on cell growth in collaboration with

Max Planck Institute in Germany

In collaboration with a group of Max Planck Institute (MPI)
of Molecular Physiology (the group of Prof. Herbert
Waldmann), we study the cell cycle control through the
identification of small-molecule inhibitors of the proteins that
have an important role for the progression of cell division. We
propose the collaboration of these two groups by taking the
merits of both different approaches by frequently exchanging
materials, technologies, and information. For example, after
sending compounds of RIKEN NPDepo chemical library to
MPI, the MPI group will screen for compounds that arrest cell
division with interesting phenotypes. Then we will analyze
the mechanism of action of the compounds by identifying the
target proteins of the compounds. Oppositely, the MPI group
will provide their compounds for the screening by the high
throughput system of us. The isolated interesting compounds
will be deeply analyzed by the MPI cell biology group.

Research Subjects
@ Screening for small molecules with effects on cell growth
and analyses of their mechanism of action
@ |Identification of molecular targets of bioprobes

@ Mining of novel molecular targets and developments of their
ligand isolation system

A =whYU—5"— Unit Leader
B8 BT =yt
Nobumoto WATANABE D.Sci.

Research Results

@® We identified a compound, NPD4928 whose cytotoxicity is enhanced by
the inhibitor of lipid peroxides reducing protein GPX4, and found that
NPD4928 targets ferroptosis suppressor protein 1 (FSP1).

@ We found that ZMIZ2 is upregulated in TNBC tissues and is associated
with its poor prognosis.

@® We found that Chinese traditional medicine Danshen and its major
components reduces the fibrillation of amyloid beta protein (AB42), and

rescues the effect of AB42 on PC12 cells and Drosophilla melanogaster,
showing the therapeutic potential of Danshen for AD patients.

NPD4928 targets ferroptosis suppressor protein 1 (FSP1) and enhances the sensitivity
of various cancer cells to lipid peroxides reducing enzyme GPX4 inhibitors.

FEHI / Publications

Yoshioka, H. et al.
Identification of a small molecule that enhances ferroptosis via inhibition of FSP1.
ACS Chem. Biol. 17, 483-491 (2022)

Zou, X. et al.
ZMIZ2 promotes the development of triple-receptor negative breast cancer.
Cancer Cell Int. 22, 52 (2022)

Tan, F.H.P. et al.

Alleviatory effects of Danshen, Salvianolic acid A and Salvianolic acid B on PC12
neuronal cells and Drosophila melanogaster model of Alzheimer’s disease.

J. Ethnopharmacol. 279, 114389 (2021)
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RIKEN-KRIBB Joint Research Unit
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The structure of oxindoles, RK-270D (1) and E (2)
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Unit Leader
Shunji TAKAHASHI

Postdoctoral Researcher
Katsuyuki SAKAI

Formation of mutual network and

promotion of chemical biology study

Our unit is collaborating with Anticancer Agent Research
Center of KRIBB directed by Dr. Jong Seog Ahn on the
integrative research of bioactive compounds derived from
microorganisms. The goal of this joint team is the discovery
of drug candidate compounds through the chemical biology
research from the chemical studies such as screening,
isolation and structure determination to the biological studies
such as biosynthesis, evaluation of biological activity, and the
understanding of the mechanism of action. Exchange and
long-term stay of researchers will promote the formation of a
human network.

Research Subjects

@ Target identification of bioactive compounds
@ Screening and isolation of novel bioactive microbial products

@ Understanding of biosynthetic mechanism of microbial
secondary metabolites

1=vbkY—5"—, Unit Leader

BB ET wteE
Shunji TAKAHASHI D.Sci.

Research Results

® We found that RK-270D and E, an oxindole derivative from
Streptomyces sp., have anti-angiogenic activity.

@ We found thiolactomide and N-acetyl homocysteine thiolactone which
have neuroprotective activity.

The structure of thiolactomide

FEHI / Publications

Jang, J.-P. et al.

RK-270D and E, oxindole derivatives from Streptomyces sp. with anti-angiogenic
activity.

J. Microbiol. Biotechnol. 32, 1-10 (2022)

Jang, J.-P. et al.

Thiolactomide: A new homocysteine thiolactone derivative from Streptomyces sp. with
neuroprotective activity.

J. Microbiol. Biotechnol. 31, 1667-1671 (2021)
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iEPsREMFLS )V —7 / Plant Inmunity Research Group
HEXARAROIY AMF YV —7 / Metabolomics Research Group
SOEMRERIIETAZI Y )L—7 / Advanced Catalysis Research Group

BisE B AMZES IL—7 / Catalysis and Integrated Research Group
TIHIVG IIYAMFES IV—7 / Chemical Genomics Research Group
BT /29 AMFE S IV—7 / Synthetic Genomics Research Group

KRB AT LT F — L / Metabolic Systems Research Team
ARARO—L1EERRFEF — L / Metabolome Informatics Research Team
BREBRHEAAFRF —L / Environmental Metabolic Analysis Research Team
Mg/ LRERFEF — L / Plant Genomic Network Research Team
HMRatEEZTF — L / Cell Function Research Team

HEMHEMFEF —L / Plant Symbiosis Research Team

HRER A RILSEMZEF —L / Advanced Organic Synthesis Research Team
J)—>F JpiEZEF— L / Green Nanocatalysis Research Team

A ATERERIEAIZEF — L / Biofunctional Catalyst Research Team
BFVHRZRIMZEF — L / Molecular Ligand Target Research Team

INA A EFETBERMZEF — L / Bioproductivity Informatics Research Team

N F &R FRRFEF —L / Biomacromolecules Research Team
NAATSAFVvIMEF—L / Bioplastic Research Team
HIBRAEEEMZFE F — L / Cell Factory Research Team

SDFEMEIEMZEF—L / Molecular Bioregulation Research Team
HEYIREE T F — L / Plant Lipid Research Team

EPHEEE(RFEMFTF — L / Plant Chemical Genetics Research Team

B HERZ 1 =Y / Dormancy and Adaptation Research Unit
RIBREMFE I =Y / Environmental Response Research Unit
KAMESMFI =Y / Natural Product Biosynthesis Research Unit
I2Ff - KRIBB #5711 = / RIKEN-KRIBB Joint Research Unit

R - EERRRAITEARE#EERPT / Drug Discovery Platforms Cooperation Division
— BIESIHIVNOESET =Y / Drug Discovery Chemical Bank Unit
— RIEES—NMEEWIRFREMR I = Vb / Drug Discovery Seed Compounds Exploratory Unit
— BIZE(LSEAR T — v / Drug Discovery Chemistry Platform Unit
HTEARERPT / Technology Platform Division

— SFHEERET 1= b / Molecular Structure Characterization Unit

— £&H9FHEET =Yk / Biomolecular Characterization Unit

— HEENT BEMEET 1=y / Mass Spectrometry and Microscopy Unit

o] k&M /) —ARFEMFI L=y / Chemical Resource Development Research Unit

B78 & / Ken SHIRASU

F % = / Kazuki SAITO

& BE / Zhaomin HOU

iM% 7 / Mikiko SODEOKA
ZH #& / Minoru YOSHIDA
#AFF # / Minami MATSUI

FH 83 / Masami HIRAI

EH IE#R / Masanori ARITA
%5 32 / Jun KIKUCHI

B8 JRBA / Motoaki SEKI

127K BT | Keiko SUGIMOTO
K &% / Makoto HAYASHI

ZL 7> -« 4TI 2/ Laurean ILIES
1L B3— / Yoichi YAMADA
th} BB / Ryuhei NAKAMURA
F+—JLA - 7—>// Charles M. BOONE
M BE— / Keiichi MOCHIDA
JBH £7] / Keiji NUMATA

FA[&8 %% / Hideki ABE

SR BB / Akihiko KONDO
FXIR {fth / Shinya HAGIHARA
At &#8 / Yuki NAKAMURA
A4 £ / Masanori OKAMOTO
AR Jt#E / Mitsunori SEO

Ef 1% / Ryoung SHIN

18 8=/ Shunji TAKAHASHI
&8 8=/ Shunji TAKAHASHI
ZH # / Minoru YOSHIDA

K H #Z / Hiroyuki OSADA
ZH #& / Minoru YOSHIDA
/N #81 / Hiroo KOYAMA
1 #F / Mikiko SODEOKA
#EF RS / Hiroyuki KOSHINO
231 & / Naoshi DOHMAE
FH B / Masami HIRAI

KM #72 / Hiroyuki OSADA

ZMTEEEE Request for donations

SDGs~DRBICEAIFI LRIEERHFHAR VAR ETHSHECH T 35S

53R E DEEEIX . BN DARE DITRIEE. KFRENDEHE T 0TS LOBRE
RHFICKIAREDFRZITL HRICKII THRRERRZ  EVOH LW EBDTFD
HiZBELE T EROENWTTER - THHZSEVBELEIFE T,

SEHAR 202118120 - 2025%3831H

B L2 —R—LRX—IN\DFHADIGE
FEVE—DRETEI NV NEDTER
CR—ERDA VD FIVT ) —T 42T A— RDHES

Donations to support sustainable resource science research and
researcher development to contribute to the SDGs

we will support the research activities of researchers, promote exchanges between

domestic and international researchers, and develop researchers by building and providing

educational programs for graduate students, and through these efforts, we will establish a
world-first academic field of "sustainable resource science"

Donation call duration: January 12, 2021 - March 31, 2025

Privileges: Donors’ names on the Center’s website
Direct information about Center’s events
Original greeting cards by the Center

115





